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 The ability to process relevant social and emotional information while inhibiting the 
impact of unwanted negative one is critical to everyday functioning and well-being. Deficits in 
these processes, related to social cognition and emotion regulation, are oftentimes a hallmark of 
psychopathological conditions. Gaining a comprehensive understanding of the neurobehavioral 
mechanisms associated with these socioemotional processes would provide unique insights into 
the factors that may render individuals susceptible to or resilient against socioemotional distress. 
Despite significant advances in cognitive neuroscience, however, a comprehensive approach to 
investigate the mechanisms of socioemotional functioning is still scarce. Therefore, there is a 
need to capitalize on a broad set of approaches for the examination of socioemotional factors at 
multiple levels (i.e., brain function, behavior, and individual differences), in order to better 
understand the interplay of emotion and cognition with increased ecological validity. These 
issues were investigated using a multi-method approach involving functional brain imaging 
(functional magnetic resonance imaging, electroencephalography) in conjunction with behavioral 
tasks (social evaluation, emotion regulation, episodic memory), and measures of individual 
differences. Such an approach is essential to elucidate the mechanisms of socioemotional 
functioning, which may inform the development of novel theoretical frameworks that will lead to 
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CHAPTER 1: INTRODUCTION 
 
Healthy socioemotional functioning is fundamentally important to numerous aspects of 
our lives. The ability to selectively process relevant social and emotional events, while inhibiting 
the impact of unwanted negative ones in different contexts, is critical to everyday functioning 
and is oftentimes impaired in a variety of psychopathological conditions (Dillon & Pizzagalli, 
2018; Mier & Kirsch, 2017; Rowland et al., 2013). Gaining a comprehensive understanding of 
the neurobehavioral mechanisms associated with socioemotional processes, such as social 
cognition and emotion regulation, would provide unique insights into the factors that may render 
individuals susceptible to or resilient against socioemotional challenges. Therefore, it is of 
particular importance to utilize a multi-method approach in elucidating the mechanisms of 
emotion-cognition interactions and in clarifying the role of individual differences in modulating 
such mechanisms. To address these issues, the current research employed a combination of 
functional brain imaging techniques with complementary strengths, behavioral tasks, and 
examination of individual differences. Such a comprehensive approach is instrumental in 
elucidating the mechanisms of socioemotional functioning, which may inform the future 
development of a novel theoretical framework leading to the design of assessment tools and 
interventions aimed at promoting psychological well-being. In the remaining sections of this 
chapter, a brief introduction to the concepts of social cognition and emotion regulation is 
provided, along with a discussion of how these two constructs interact with one another and 
influence one’s socioemotional behavior in everyday life. This chapter then describes in detail 





 Social cognition refers to a set of cognitive processes engaged while interacting with 
conspecifics, which draws upon the ability to accurately perceive emotional information from 
others and to make higher-order inferences about their intentions and behavior, while being 
aware of one’s own knowledge and mental states (Adolphs, 1999, 2001, 2004; Fiske, Cuddy, & 
Glick, 2007; Gallese, Keysers, & Rizzolatti, 2004). Navigation of the complex social world 
requires successful deployment of these processes that guide our adaptive behavior in a variety 
of social situations. Social cognition has been investigated from various theoretical and 
methodological perspectives, with evidence from social psychology identifying how the self 
perceives and understands others, and how such process might be influenced, either explicitly or 
implicitly, by one’s knowledge structures and social environment (Asch, 1946; Devine, 1989; 
Greenwald & Banaji, 1995; Tajfel & Turner, 1986). 
Over the last two decades, considerable progress has been made to elucidate the neural 
substrates of various aspects of social cognition. Using a broad array of techniques including 
functional neuroimaging, lesion, and neuropsychological assessment tools, accumulating 
evidence supports the idea that social cognition is subserved by specialized neural systems 
consisting of spatially-distributed yet interconnected brain regions (Adolphs, 2010; Barrett & 
Satpute, 2013; Lieberman, 2007; Ochsner, 2004; Rizzolatti & Craighero, 2004). For instance, 
although many cortical and subcortical regions are known to play a pivotal role in various facets 
of social cognition, the medial prefrontal cortex (mPFC) has been consistently identified as being 
critical for processing and integrating information about the self and others (Amodio & Frith, 
2006; Krueger, Barbey, & Grafman, 2009; Mitchell, Macrae, & Banaji, 2005; Van Overwalle, 
2009). In addition, it has been shown that the amygdala (AMY) plays an important role in the 
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detection of motivationally relevant social cues and using such information to guide social 
behavior (Adolphs, 2004, 2010; Phelps & LeDoux, 2005). 
 
Emotion Regulation 
 Emotion regulation (ER) refers to a set of conscious or unconscious processes used to 
modulate which, when, and how emotions are experienced and/or expressed (Gross, 1998b). 
Since the emergence of the field in the mid 1990’s, ER has garnered interest in many domains 
within social sciences and neurosciences, and it is now established that the ability to cope 
adaptively with emotionally challenging situations is vital both for physical and mental health 
(Gross, 2008, 2015). In typical laboratory studies of “instructed” ER, participants are presented 
with a series of emotion-eliciting stimuli (e.g., pictures, films) and are instructed to deliberately 
try altering their emotional responses to them. Although there are numerous ER strategies that 
can be deployed to influence emotional experiences and expressions in different situations 
(Gross, 2015; Webb, Miles, & Sheeran, 2012), prior work on ER has most commonly examined 
the effect of cognitive reappraisal (changing the interpretation of a stimulus to alter its emotional 
impact) and expressive suppression (inhibiting ongoing emotion-expressive behavior) (Cutuli, 
2014; Gross & John, 2003). 
 As with social cognition, ER has also been an important focus of research in cognitive 
neuroscience in recent years (e.g., Buhle et al., 2014; Kohn et al., 2014; Ochsner, Silvers, & 
Buhle, 2012; Wager, Davidson, Hughes, Lindquist, & Ochsner, 2008). Available evidence 
suggests that deliberately engaging ER strategies to alter emotional responses is associated with 
increased activity in the lateral PFC, anterior cingulate cortex (ACC), and lateral parietal cortex, 
and with decreased activity in the AMY, which are typically implicated in top-down 
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emotion/cognitive control and basic emotion processing, respectively (Buhle et al., 2014; Kohn 
et al., 2014). Although prior work on ER has primarily explored the effect of instructed ER, there 
has also been an increasing interest in understanding how habitual, incidental, or spontaneous 
engagement of ER modulates processing of emotional information (Egloff, Schmukle, Burns, & 
Schwerdtfeger, 2006; Gyurak, Gross, & Etkin, 2011; Koole & Rothermund, 2011; Koole, Webb, 
& Sheeran, 2015; Mauss, Bunge, & Gross, 2007; Mauss, Cook, & Gross, 2007; Williams, Bargh, 
Nocera, & Gray, 2009) and the associated neural correlates (Braunstein, Gross, & Ochsner, 
2017; Dolcos, Katsumi, & Dixon, 2014; Etkin, Buchel, & Gross, 2015; Silvers, Wager, Weber, 
& Ochsner, 2015).  
 
Link between Social Cognition and Emotion Regulation 
 As briefly reviewed above, both social cognition and ER draw upon the dynamic 
interaction of multiple neural systems, from those subserving bottom-up processing of basic 
emotional and salient information (e.g., AMY) to those subserving top-down control and 
integrative processes (e.g., PFC). Not surprisingly, extant evidence suggests that social cognition 
and ER are closely related to one another, and that adaptive associations between these two 
constructs are important in healthy socioemotional functioning (Rowland et al., 2013). 
 The capacity for self-regulation is important for the achievement of both personal and 
social goals (Lieberman, 2007). For instance, successfully controlling undesirable emotional 
impulses (e.g., wanting to yell at a colleague) would allow one to act in accordance with long-
term goals (e.g., successfully completing a group project), while maintaining good relationships 
with others. As mentioned earlier in this chapter, successful social interaction requires the ability 
to decode others’ feelings and intentions, and to use such information to guide one’s own 
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emotional expressions and actions that are appropriate in a given social context. Therefore, the 
ability to efficiently control emotional responses seems to be essential in effective social 
interactions in everyday life. Indeed, this idea is supported by available evidence showing that 
expressive suppression, an ER strategy sometimes construed as relatively maladaptive (Gross & 
John, 2003), during social interaction was associated with increased stress responses as well as 
decreased experience of rapport and willingness to affiliate by the interaction partner (Butler et 
al., 2003; see also Richards, Butler, & Gross, 2003). 
Furthermore, the notion that ER plays an important role in social cognition is also 
substantiated by extant research in the domain of group processes and relations. Mounting 
evidence suggests that humans possess an extraordinary ability to categorize others into an 
ingroup (“us”) or outgroup (“them”) based on salient social categories in just a fraction of a 
second (Ito & Bartholow, 2009). It has been shown that such rapid category-based evaluations of 
others are subserved by regions such as the AMY and fusiform gyrus (Shkurko, 2013). However, 
in an era of increasing diversity where intergroup biases are widely deemed to be unacceptable, 
people are also generally motivated to exert control over any prepotent responses favoring 
particular social groups. Recent functional neuroimaging evidence suggests that such regulatory 
mechanisms are likely subserved by regions including the ACC and lateral PFC, with the 
possibility that the former might be involved in monitoring for conflict between automatic biases 
and top-down motivational goals, whereas the latter might modulate activity (e.g., in the AMY) 
related to such biases (Amodio, 2014; Kubota, Banaji, & Phelps, 2012). As reviewed earlier, 
interactions between the PFC/ACC and AMY are also critical for successful ER, typically 




The Present Research 
 Overall, the evidence reviewed above suggests that both social cognition and ER are 
complex psychological phenomena drawing upon a set of abilities to rapidly process and 
integrate incoming information from the internal and external environment. These operations 
seem to be subserved by interactions of neural systems that enable both efficient processing of 
motivationally salient stimuli and regulation of spontaneous emotional responses, which 
collectively guide our socioemotional behavior appropriate in various social contexts. Although 
significant progress has been made in cognitive neuroscience research elucidating the 
neurobehavioral mechanisms of social cognition and ER, a number of issues remain unclear. 
These issues were addressed by a series of experiments conducted as part of this thesis, which 
are described in detail below.  
 
Part I. Neurobehavioral Correlates of Emotion-Cognition Interactions in Social Contexts 
One key aspect in understanding socioemotional functioning is to clarify the 
neurobehavioral mechanisms of dynamic psychological processes taking place in social contexts 
that closely resemble real-life situations. Despite significant advances in research on the neural 
correlates of social cognition, our current understanding is largely based on evidence emerging 
from studies using experimental paradigms that do not mimic well real-life social encounters and 
interactions with others. In particular, although available behavioral evidence identifies the 
profound impact of subtle nonverbal cues on impression formation and person perception 
(Murphy, 2012), the neural correlates of dynamic nonverbal perception remain unclear. These 
important issues were addressed in a series of experiments using novel experimental paradigms 
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involving the observation and evaluation of nonverbal social encounters between whole-body 
computer-animated characters in a business setting. 
Current demographics of the United States are characterized by a state of increasing 
cultural and gender diversity in the workforce, with racial/ethnic minorities and women expected 
to gain greater representation in the next few decades (Cárdenas, Ajinkya, & Léger, 2011; 
Toossi, 2013). Because of this continuing national demographic shift, social interactions with 
individuals from diverse backgrounds have become ubiquitous elements of everyday life. 
Notably, emerging evidence from the literature on nonverbal communication suggests that the 
perception and expression of nonverbal behaviors vary significantly as a function of individual 
differences in multiple domains, such as culture (Safdar et al., 2009) and gender (Fischer & 
LaFrance, 2015). However, it remains unclear how these factors may together influence the 
evaluation of social interactions. To address this issue, in Chapter 2, the role of race/culture and 
gender both at the level of experimental stimuli and participants is investigated with respect to its 
impact on the appraisal of social interactions, with a focus on how these factors influence the 
effect of handshakes as a common greeting behavior in Western societies. 
Extending the evidence identified in Chapter 2, the following two chapters examine 
different aspects of the neural mechanisms associated with nonverbal social cognition. Previous 
behavioral and functional neuroimaging studies have demonstrated that whether or not one 
shares group membership with others (i.e., ingroup vs. outgroup) influences information 
processing in various contexts (Cikara & Van Bavel, 2014; Kubota et al., 2012; Molenberghs, 
2013). However, the neural mechanisms associated with the impact of group membership on 
nonverbal perception and evaluations remain unclear. In Chapter 3, this issue is addressed by 
examining the neural correlates of observing and evaluating nonverbal social encounters with 
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racial ingroup and outgroup members in a sample of Caucasian participants using functional 
magnetic resonance imaging (fMRI). 
Moreover, although human social cognition is thought to involve a set of complex 
processes that gradually unfold over time (Adolphs, 2001), available evidence suggests that 
impression formation can happen very fast, within hundreds of milliseconds (Willis & Todorov, 
2006). Categorization of others into one’s ingroups vs. outgroups is also known to happen very 
quickly (Zarate & Smith, 1990) and effortlessly (Fiske, 1993). Therefore, brain imaging 
techniques with high temporal resolution, such as electroencephalography (EEG) and event-
related potentials (ERPs), would be helpful in clarifying the temporal dynamics of neural 
responses associated with the effect of group membership on nonverbal perception and 
evaluations. By using an adaptation of the experimental paradigm employed in Chapters 2 and 3, 
Chapter 4 examines the electrophysiological correlates of observing and evaluating nonverbal 
social encounters in a business setting.  
 
Part II. Neurobehavioral Correlates of the Immediate and Long-Term Impact of Emotion 
Regulation 
 Research on emotion regulation (ER) – i.e., the processes influencing which, when, and 
how emotions are experienced and/or expressed (Gross & John, 2003) – has established that the 
ability to cope adaptively with emotionally challenging situations is vital for both physical and 
mental health (Gross, 2008, 2015). Previous studies of ER have shown that the engagement of 
specific ER strategies can influence not only immediate emotional experience, but also long-term 
memory for emotional events after a delay (Dillon, Ritchey, Johnson, & LaBar, 2007; Kim & 
Hamann, 2012). However, despite converging evidence suggesting the existence of neural 
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networks involved in the impact of ER on immediate emotional experience (Buhle et al., 2014; 
Dorfel et al., 2014; Kohn et al., 2014), relatively less is known about the neural correlates of the 
long-term impact of ER on episodic memory. Another important aspect related to ER concerns 
the distinction between explicit (deliberate/conscious) and implicit (automatic/non-conscious) 
forms, which have been shown to yield similar outcomes (e.g., reduced emotional experience) in 
some emotional situations (Mauss, Cook, et al., 2007). However, the effect of implicit emotional 
suppression on episodic memory remains largely unclear. Chapter 5 examines these issues by 
using an experimental design that assesses both the immediate (emotional ratings) and long-term 
(episodic memory) effects of ER, and the associated neural correlates using fMRI, within the 
same group of participants. This experiment focuses on the explicit and implicit forms of 
emotional suppression, which involves attempts to inhibit both the external expression and 
internal experience of emotions (Dunn, Billotti, Murphy, & Dalgleish, 2009; Gross, 2008). 
 Finally, previous research has identified considerable individual differences in how 
people cope with emotional challenges (Gross & John, 2003). One example of such variability 
has been identified in the literature on emotional aging, with growing evidence demonstrating 
enhanced spontaneous regulation of emotions in older compared to younger adults (Dolcos et al., 
2014; Mather, 2016). Regarding the impact of emotional suppression, which is the focus of 
Chapter 5, prior laboratory studies have shown that younger and older adults were similarly 
successful in using this ER strategy to modulate their emotional responses (Lohani & Isaacowitz, 
2014; Shiota & Levenson, 2009). Healthy aging, however, is also associated with dramatic 
changes in the anatomical and physiological properties of specific brain structures typically 
involved in ER (Fabiani, 2012; Fjell et al., 2009; Raz, Ghisletta, Rodrigue, Kennedy, & 
Lindenberger, 2010). Thus, it remains unclear how younger and older adults similarly or 
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differentially engage brain regions and networks in an attempt to regulate their emotions via 
suppression. Chapter 6 explores this issue by examining the effect of aging on the 
neurobehavioral mechanisms associated with emotional suppression, using the same 
experimental paradigms as those employed in Chapter 5. 
 In sum, the present research capitalizes on a combination of different methodological and 
analytical tools with complementary strengths to clarify the neurobehavioral mechanisms 
associated with socioemotional functioning. In the first part of this thesis, a multi-method 
approach is employed to examine the neurobehavioral indices of nonverbal perception and 
evaluations. First, the role of individual differences in culture and gender is investigated using a 
novel experimental paradigm involving the observation and evaluation of social encounters 
(Chapter 2). Second, functional brain imaging techniques with complementary strengths are 
employed to elucidate both spatial (fMRI, Chapter 3) and temporal (EEG, Chapter 4) aspects of 
the neural mechanisms associated with social cognition, focusing on the role of nonverbal 
behaviors as well as racial group membership. In the second part of this thesis, the impact of 
explicit and implicit emotional suppression is investigated both at the level of immediate 
(emotional ratings) and long-term (episodic memory) effects, and the associated neural correlates 
are examined using fMRI (Chapter 5). Finally, following the immediately preceding chapter, the 
impact of aging on the neurobehavioral mechanisms associated with emotional suppression is 
examined by comparing samples of healthy younger and older adults (Chapter 6). 
Overall, this work will demonstrate a novel approach for comprehensively investigating 
the neurobehavioral mechanisms associated with complex psychological phenomena involving 
the interplay of affective and cognitive processes. This research will significantly advance our 
understanding of the relations between complex behaviors and their associated neural substrates, 
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and will provide the basis for developing novel training and educational tools aimed at 
improving functioning and behavior in healthy and clinical groups. By clarifying 
neurobehavioral mechanisms associated with socioemotional functioning, the proposed research 
will improve current scientific knowledge in the fields of psychology, and cognitive, affective, 




PART I. NEUROBEHAVIORAL CORRELATES OF EMOTION-COGNITION 
INTERACTIONS IN SOCIAL CONTEXTS 
 
CHAPTER 2: ROLE OF RACIAL AND GENDER DIFFERENCES IN SOCIAL 
COGNITION: A CROSS-CULTURAL BEHAVIORAL INVESTIGATION1 
 
Introduction 
 Handshaking is a form of nonverbal behavior that can dramatically influence the 
perception and appraisal of social interactions. Although the exact origins of handshaking remain 
unclear, it has been historically regarded as a sign of friendliness, hospitality, formality, and trust 
(Hall & Hall, 1983). Empirical investigations have consistently shown positive effects of 
handshakes on first impressions and other outcomes of interaction with other people in different 
contexts, including business interactions (Dolcos, Sung, Argo, Flor-Henry, & Dolcos, 2012), 
employment interviews (Stewart, Dustin, Barrick, & Darnold, 2008), and negotiations 
(Schroeder, Risen, Gino, & Norton, 2014). Notably, characteristics of handshakes (e.g., intensity, 
frequency) as well as their effects on person perception and evaluation seem to vary as a function 
of individual differences, such as race/culture and gender (Bernieri & Petty, 2011; Bowman & 
Okuda, 1985; Stewart et al., 2008; Usmani, 2005). However, few studies have comprehensively 
investigated the role of race and gender in the effect of handshakes on appraisals of social 
interactions, by systematically examining racial and gender differences both at the level of 
experimental stimuli (i.e., target) and participants (i.e., perceiver). 
                                                 
1 A version of this chapter has been published as: Katsumi, Y., Kim, S., Sung, K., Dolcos, F., & Dolcos, S. (2017). 
When nonverbal greetings “make it or break it”: The role of ethnicity and gender differences in the effect of 
handshake on social appraisals. Journal of Nonverbal Behavior, 41:4, 345-365. doi:10.1007/s10919-017-0257-0. 
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 This is an important gap to fill in the literature, given that the current demographics of the 
United States are characterized by a state of increasing racial and gender diversity in the 
workforce, with racial/ethnic minorities and women expected to gain greater representation in 
the next few decades (Cárdenas et al., 2011; Toossi, 2013). Because of this continuing national 
demographic shift, social interactions with individuals from diverse backgrounds have become 
ubiquitous elements of everyday life. In such interactions, nonverbal behavior plays an important 
role in person perception and impression formation (Murphy, 2012) and can also be influenced 
by racial and gender differences (Fischer & LaFrance, 2015; Mast & Sczesny, 2010; Matsumoto 
& Hwang, 2012; Safdar et al., 2009). Therefore, clarification of how these factors influence the 
effect of handshakes on appraisals of social interactions is essential in better understanding the 
power of handshakes in the context of growing diversity in our society. To address these issues, 
the present study used a novel experimental paradigm that allows comprehensive investigation of 
the role of race and gender both at the level of experimental stimuli and participants with respect 
to the appraisal of social interactions. The present study focused on the effect of handshake, 
while also examining general nonverbal affective behaviors signaling approach and avoidance 
intentions (Dolcos, Sung, et al., 2012). Below, we will briefly review available evidence 
concerning the role of racial and gender differences in handshakes, in particular, and nonverbal 
communication, in general. 
 
Handshaking and Cultural Differences 
Handshaking is a greeting behavior commonly observed in many contemporary societies, 
but its practice and meaning also vary considerably across cultures (Hall & Hall, 1983; 
Mukherjee & Ramos-Salazar, 2014; Usmani, 2005). For instance, handshakes are traditionally 
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very common in Western cultures, whereas non-contact greeting behaviors, such as bowing, are 
practiced more frequently in East Asian cultures (Bowman & Okuda, 1985; Singh, McKay, & 
Singh, 1998). A firm handshake accompanied by direct eye contact is associated with more 
positive first impressions (Chaplin, Phillips, Brown, Clanton, & Stein, 2000; Stewart et al., 2008) 
and conveys positive individual characteristics such as extraversion, openness to experience, and 
emotional expressiveness in Western cultures (Chaplin et al., 2000). In contrast, softer 
handshakes and less eye contact are more customary and possibly favorable in some Asian 
cultures (Mukherjee & Ramos-Salazar, 2014; Usmani, 2005). Given the available evidence 
concerning the positive effect of handshake on interpersonal communication in Western cultures, 
we expected that the effect of handshake on appraisals of social interactions would be more 
positive in Caucasian than in East Asian participants. Regarding a possible role of target’s race, 
there is evidence showing that Western/North American2 cultures are associated with greater 
evaluative ingroup bias when group memberships are defined by categorical social groups (as 
opposed to personal relationships) (Yuki & Takemura, 2014). Therefore, we expected that the 
positive effect of handshake on appraisals of social interactions would be larger for racial 
ingroup interactions than for outgroup interactions in Caucasian participants. 
 
Handshaking and Gender Differences 
 Not only is handshaking considered more customary in Western/North American 
cultures, but it also has been traditionally viewed as a male activity. Therefore, men are usually 
                                                 
2 Here, and also generally in the literature, North American cultures refer to those of the United States and 
Canada that are more strongly influenced by individualistic cultural values. Although other countries such as 
Mexico are geographically located in North America, their cultures are typically considered more collectivistic 
(Masuda, Wang, Ishii, & Ito, 2012; Riemer, Shavitt, Koo, & Markus, 2014; Safdar et al., 2009; Triandis, 1989; Yuki 
& Takemura, 2014). 
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expected to shake hands more frequently than women (Hall & Hall, 1983). Consistent with this 
expectation, men are more likely to form positive impressions of others following a handshake 
with them than women (Chaplin et al., 2000). Moreover, whether handshaking is performed with 
male or female targets seems to influence the perceiver’s appraisal of social interaction, but this 
may also depend on a specific context. For instance, handshaking with female targets increases a 
perceived sense of security when making risky financial decisions compared to handshaking with 
male targets, in both female and male participants (Levav & Argo, 2010). However, in the 
context of employment interviews, the quality of handshaking with male targets was rated more 
positively than that with female targets, although interview assessments for female targets were 
not affected by their poorer handshakes (Stewart et al., 2008). In addition, handshaking was most 
commonly observed in male-male dyads (Greenbaum & Rosenfeld, 1980), and an improvement 
in the accuracy of judging others’ personality trait (i.e., conscientiousness) due to a handshake 
was significantly larger in male-male interactions compared to mixed-gender or female-female 
interactions (Bernieri & Petty, 2011). Based on the available evidence reviewed above pointing 
to strong associations between handshaking and masculinity, we expected that the effect of 
handshake on appraisals of social interactions would be more positive in male than in female 
participants, and that the positive effect of handshake would be largest in male-male social 
interactions. 
 
Nonverbal Communication (General) and Cultural Differences 
Cultural differences regarding handshakes are consistent with those identified in 
nonverbal communication at a more general level (Matsumoto, 2006; Matsumoto & Hwang, 
2012; Safdar et al., 2009). In North American cultures, spontaneous or even exaggerated 
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emotional experiences and expressions are often encouraged as the individual’s right; however, 
in East Asian cultures, emotions are seen as a reflection of one’s social relations and thus tend to 
be expressed in a more context-specific, controlled manner (Markus & Kitayama, 1991; 
Matsumoto, 2006; Safdar et al., 2009). As a result, North Americans tend to judge and interpret 
others’ nonverbal affective signals more positively and intensely compared to East Asians 
(Matsumoto, 2006; Matsumoto & Hwang, 2012; Matsumoto & Kudoh, 1993). Moreover, North 
American cultures tend to endorse an approach motivational orientation (e.g., seeking positive 
outcomes that establish one’s uniqueness compared to their groups), whereas East Asian cultures 
tend to endorse an avoidance orientation (e.g., avoiding negative outcomes in order to prevent 
disruption of group harmony) (Elliot, Chirkov, Kim, & Sheldon, 2001; Hamamura, Meijer, 
Heine, Kamaya, & Hori, 2009; Mesquita & Walker, 2003). Given that emotional information 
tends to be processed in a more positive light in North American culture, we expected that 
appraisals of social interactions involving approach and avoidance behaviors would be more 
positive in Caucasian than in East Asian participants. 
 
Nonverbal Communication (General) and Gender Differences 
Gender differences also exist at the level of nonverbal communication in general (de 
Lemus, Spears, & Moya, 2012; Fischer & LaFrance, 2015; Kret & De Gelder, 2012; Meyers-
Levy & Loken, 2015). Compared to men, women are generally more expressive in their display 
of nonverbal behaviors (Briton & Hall, 1995; LaFrance, Hecht, & Paluck, 2003; Mast & 
Sczesny, 2010), and are also more accurate in decoding others’ emotional expressions (Collignon 
et al., 2010; Hall & Matsumoto, 2004; Krumhuber, Manstead, & Kappas, 2007; Lambrecht, 
Kreifelts, & Wildgruber, 2014), particularly when the expressions are negative or subtle 
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(Hoffmann, Kessler, Eppel, Rukavina, & Traue, 2010; Meyers-Levy & Loken, 2015). Moreover, 
there is evidence showing that at least in North American cultures women are more avoidance-
oriented, whereas men tend to be more approach-oriented (Llewellyn, Dolcos, Iordan, Rudolph, 
& Dolcos, 2013; Meyers-Levy & Loken, 2015). Given females’ greater attention to subtle 
nonverbal affective cues, we expected that appraisals of social interactions involving approach 
behavior would be more positive, whereas those of interactions involving avoidance behavior 
would be more negative, in female participants than in male participants. The latter effect would 
also be consistent with females’ tendency to focus on avoidance-oriented motivations. 
 
The Present Study 
As summarized above, previous studies have provided evidence that racial/cultural and 
gender differences play an important role in the perception and evaluation of nonverbal behavior, 
including handshakes. However, very few studies have comprehensively investigated the effects 
of these factors on the appraisal of social interactions involving handshakes, by systematically 
examining these variables both at the level of experimental stimuli and participants. Therefore, 
the main goal of the present investigation was to clarify how racial (Caucasian vs. East Asian) 
and gender (female vs. male) differences influence appraisals of social interactions involving 
handshakes with dynamic characters, while also examining the role of general whole-body 
nonverbal affective cues signaling approach and avoidance intentions (Dolcos, Sung, et al., 
2012). Clarification of how racial and gender differences influence the effect of handshakes 
during social interaction is essential, as it would extend our understanding of the power of 
handshakes in the context of growing diversity in our society. 
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In the present study, participants viewed and evaluated a series of movies illustrating 
guest-host interactions in a business setting. Each interaction started with a greeting protocol 
initiated by the host, which, in half of the trials, involved a handshake. The greeting was 
followed by a display of behaviors either encouraging or discouraging further interaction (i.e., 
approach and avoidance behaviors, respectively). Race and gender of the hosts were manipulated 
to depict the categories represented by participants. In keeping with a previous investigation 
(Dolcos, Sung, et al., 2012), participants rated the (1) competence of the host as a business 
representative, and their (2) interest in doing business with the host following observation of 
each interaction. Throughout this chapter, the average of competence and interest ratings is 
referred to as “social appraisal.” Higher scores indicate more positive social appraisals and first 




Eighty-eight right-handed healthy young adults consisting of 44 Caucasians (22 women) 
and 44 East Asians (22 women) living in the United States participated in the study 
(Mage = 20.4 years, range 18–28). Sample size in each racial/gender group was determined using 
an independent sample based on a desired power of 0.8 and alpha of .05 to test the multi-way 
interactions as described in our analyses (see ‘‘Data Analysis’’ section below). Participants had 
no history of neurological, psychological, or psychiatric disorders. The experimental protocol 
was approved by the University of Illinois Institutional Review Board, and all participants 
provided written informed consent and received either course credit or payment for their 
participation, depending on the source of recruitment. 
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 Participants’ race was determined through self-report, and those who identified their 
racial/ethnic background as White and Asian/Pacific Islander were broadly considered 
Caucasians and East Asians in the present study, respectively. Of the 44 East Asian participants, 
28 of them identified their native language as Chinese (~64%), 14 Korean (~32%), 1 Thai (~2%), 
and 1 English (~2%). To minimize further the effect of exposure to North American cultures, 
eligibility for potential East Asian participants was restricted to international students studying at 
the university whose overall period of their stay in the US was no more than 3 years at the time 
of their participation. In the case of Caucasian participants, eligibility was restricted to those who 
have lived in the US for a minimum of 12 consecutive years, and to those who speak English as 
one of their native languages; no Caucasian international students, regardless of their nationality, 
were eligible for participation in this group. 
 
Experimental Design 
Stimuli consisted of movies used in a previous investigation (Dolcos, Sung, et al., 2012), 
supplemented by additional movies incorporating clear manipulations of characters’ race. 
Stimuli were created in Poser 7.03, and presented using the CIGAL software (Voyvodic, 1999). 
Similar to the Dolcos et al. (2012) study, the task consisted of a series of 10-s whole-body 
animated movies illustrating nonverbal guest-host interactions in a business setting (Figure 2.1). 
Participants viewed the guest being greeted by a host (social interaction condition) or a 
cardboard cutout of a host (control condition). In half of trials within the social interaction 
condition, social interaction between the guest and host started with a handshake initiated by the 
host as part of the greeting protocol; the order of trials with and without a handshake was 




counterbalanced across participants. Following this greeting protocol, the host displayed 
nonverbal behaviors that either encouraged (approach condition) or discouraged (avoidance 
condition) further social interaction. Specifically, the hosts in the approach condition stepped 
toward the guest while displaying open postures and smiling faces, whereas those in the 
avoidance condition stepped away from the guest while displaying closed postures and grimaces. 
Of the 160 movies used in the present investigation, 128 movies illustrated the dynamic social 
interaction condition, whereas the remaining 32 movies illustrated the control condition. Within 
the 128 movies in the social interaction condition, there were equal numbers of movies 
illustrating social interactions with and without a handshake, and interactions involving approach 
and avoidance behaviors.  
 
Figure 2.1. Schematic of the task. Participants viewed movies of guest–host interactions, in which hosts greeted guests with or 
without a handshake as part of the greeting protocol, followed by a display of whole-body nonverbal behaviors that either encourage 
(approach: open postures) or discourage (avoidance: closed postures) further social interactions. Accompanying approach and 
avoidance behaviors, faces of host avatars turned from neutral expressions into a subtle smile or grimace, respectively. A no social 
interaction condition was also used as control. Following the movie presentation, participants rated the hosts on competence as 
business representatives, and their own interest in doing business with the hosts. The figure above illustrates examples of social 
interactions with (1) East Asian hosts with a handshake and involving approach behaviors, and (2) Caucasian hosts without a 
handshake and involving avoidance behaviors. Host races also included South Asian and African-American, although the main 
comparison of interest in the present investigation was on Caucasian and East Asian. There were equal numbers of female and male 
guest movies; all guests were Caucasian characters. 
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Manipulation of Host Characteristics 
 Host race was manipulated following previous studies using similar procedures (Krämer 
et al., 2013; Stepanova & Strube, 2009), by applying unique facial characteristics and skin tones 
representing particular racial/ethnic groups. Specifically, host characters represented Caucasian, 
East Asian, South Asian, and African-American individuals, in proportions similar to the 
representation of these groups in the local student population (i.e., 50% Caucasian, 18.75% East 
Asian, 18.75% South Asian, 12.5% African-American). Host race was validated by a subset of 
the present sample (n = 85) who rated the host’s race in each movie using 10-point scales (1 = 
Definitely not Caucasian, 10 = Definitely Caucasian). Results showed that Caucasian stimuli 
were significantly more likely to be perceived as Caucasian (M = 8.22, SD = 1.17) compared to 
non-Caucasian stimuli as a whole (M = 2.92, SD = 1.42) [t(84) = 23.71, p < .001], and compared 
to East Asian stimuli (M = 3.87, SD = 1.73) [t(84) = 20.41, p < .001]. Similarly significant 
differences were also confirmed separately in Caucasian participants [Caucasian hosts: M = 8.78, 
SD = 0.93; non-Caucasian hosts: M = 2.74, SD = 0.85; East Asian hosts: M = 3.96, SD = 1.40; 
Caucasian vs. non-Caucasian hosts: t(43) = 31.39, p < .001; Caucasian vs. East Asian hosts: t(40) 
= 22.13, p < .001] and in East Asian participants [Caucasian hosts: M = 7.71, SD = 1.15; non-
Caucasian hosts: M = 3.10, SD = 1.79; East Asian hosts: M = 3.73, SD = 2.01; Caucasian vs. 
non-Caucasian hosts: t(43) = 12.62, p < .001; Caucasian vs. East Asian hosts: t(43) = 11.25, p < 
.001].  
Furthermore, validation of subtler non-Caucasian races (i.e., East Asian, South 
Asian, and African-American) was conducted using an independent sample (N = 12). More 
specifically, following the completion of the same race validation task as described above, these 
participants viewed only those movies in which they had identified the host as non-Caucasian 
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(i.e., trials with the ratings of 5 or lower), and were asked to further categorize the host into one 
of the non-Caucasian racial groups (1 = East Asian, 2 = South Asian, 3 = African-American). 
First, replicating the results reported above, significant differences were observed in the ratings 
of perceived race between Caucasian (M = 7.71, SD = 1.06) versus non-Caucasian hosts (M = 
1.54, SD = 0.41) [t(11) = 21.79, p < .001], and between Caucasian versus East Asian hosts (M = 
1.64, SD = 0.60) [t(11) = 23.54, p < .001]. Second, a one-way repeated-measures ANOVA 
comparing the ratings of subtler races yielded a significant effect of host race: F(1.34,14.72) = 
1151.88, p < .001, η2p = 0.99. Post-hoc t tests showed that East Asian (M = 1.08, SD = 0.09), 
South Asian (M = 2.34, SD = 0.19), and African-American hosts (M = 2.85, SD = 0.10) were 
perceived as significantly different from one another: East Asian versus South Asian [t(11) = -
29.27, p < .001], East Asian versus African-American [t(11) = -85.04, p < .001], South Asian 
versus African-American [t(11) = -11.27, p < .001]. 
To ensure reliability of measures obtained from this sample, we estimated the intraclass 
correlation (ICC) as an index of agreement in the ratings of perceived host race. Specifically, we 
used a two-way random effects model to assess the absolute agreement in the ratings across 12 
participants – that is, the extent to which different participants assigned the same rating (i.e., 
Caucasian, East Asian, South Asian, or African-American) to the same movie/host. Results 
identified a high degree of reliability in the rating assignments. The average measure ICC 
estimate was 0.990, with a 95% CI from 0.987 to 0.992: F(136,1496) = 109.00, p < .001. 
According to the available guideline (Koo & Li, 2016), this ICC estimate along with its 
confidence interval indicate that the reliability of our race ratings is “excellent”. Taken together, 
these results confirm successful manipulation of host race, both at the level of Caucasian versus 
non-Caucasian comparison and when comparing among the non-Caucasian racial groups, and 
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therefore provide strong support for the appropriateness of terming the East Asian stimuli as 
such. Regarding host gender, Caucasian and non-Caucasian hosts consisted of equal proportions 
of female and male characters. 
Guest characters depicted Caucasian individuals (one female and one male), and guest 
gender was manipulated to have equal numbers of female and male characters, as also employed 
before (Dolcos, Sung, et al., 2012). Each movie was followed by rating screens, which prompted 
participants to provide the following ratings using 5-point scales (1 = Not at all, 5 = Very high): 
business competence of the host (‘‘Competence’’) and their own interest in doing business with 
the host (‘‘Interest’’). Each rating screen was displayed for 2 s, and the order of the ratings was 
counterbalanced across trials. It is important to note further that manipulation of stimuli based on 
multiple races, gender, handshake, and more general nonverbal affective behaviors was essential 
in increasing the ecological validity in the present task. While within-subject designs may render 
research hypotheses more transparent than between-subjects designs (Kahneman & Frederick, 
2005; Tversky & Kahneman, 1983), the former is also associated with increased statistical 
power. Within-subject comparisons of responses for two or more social groups are also common, 
for instance, in studies of racial biases (e.g., Kubota et al., 2012), possibly to account for high 
individual variation in such biases (Amodio, Harmon-Jones, & Devine, 2003). Therefore, the 
diverse set of host characteristics not only contributed to the perceptual novelty of the task, but 
also allowed participants to make social appraisals in contexts mimicking real-life social 







Upon providing written informed consent, participants were seated in front of a standard 
LCD monitor where all stimuli were presented during the task. Participants were told that the 
study examined the effect of first impressions formed in brief social interactions on the 
subsequent decision to further engage in business relations. Prior to the beginning of the task, 
participants were instructed to use the whole rating scale and to give their ratings based solely on 
the observed social interactions, as well as to make their responses as quickly and accurately as 
possible using a computer keyboard. Response speed and accuracy were both emphasized so that 
participants would make sure that their responses correspond exactly to their appraisals. 
Participants completed eight runs of 20 trials each for a total of 160 trials, and were assigned 
different run orders. The trials within each run were pseudo-randomized so that no more than 
three trials of the same kind were presented consecutively. Once the task was completed, 
participants were asked to view the same set of stimuli again for the validation of host race, after 
which they were thoroughly debriefed about the true purpose of the study. 
 
Data Analysis 
 Prior to statistical analyses, the data were examined for possible outlier values in the 
average ratings at the level of the whole sample (N = 88), racial groups (Caucasian vs. 
East Asian), and gender groups (female vs. male). No outliers were identified using a criterion of 
three standard deviations from the mean in the average ratings. In addition, the normality of data 
distributions was assessed using a series of Shapiro-Wilk tests (Razali & Wah, 2011). Results 
confirmed that the frequency distribution of the ratings in the present sample (both as a whole 
and in subsamples based on racial and gender groups) did not significantly differ from a normal 
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distribution (all p’s > .10). Therefore, the use of parametric tests was justified for statistical 
analyses of the data. 
 The main goal of the present investigation was to clarify the role of race and gender both 
at the level of the target and perceiver on the appraisal of social interactions, with a focus on the 
effect of handshake as well as approach and avoidance behaviors. To this end, a series of mixed 
ANOVAs were conducted to assess the differences in participants’ appraisals using the following 
factors as the independent variables: handshake (handshake vs. no-handshake), behavior 
(approach vs. avoidance), participant race and host race (Caucasian vs. East Asian), and 
participant gender and host gender (female vs. male). In each ANOVA, the dependent variable 
was the average of competence and interest ratings, given a high correlation observed in the 
present sample (r = .84, p < .001) and across samples (Dolcos, Sung, et al., 2012). As noted 
above, the average of ratings in these two categories was defined as “social appraisal” in the 
present investigation, where higher scores indicate more positive social appraisals and first 
impressions of hosts in social interaction. 
 Due to the unequal proportions of the trials with Caucasian versus East Asian hosts in the 
experimental design (with the latter being a subset of larger ‘‘non-Caucasian’’ stimuli), follow-
up analyses with equal numbers of Caucasian and East Asian stimuli were also performed. More 
specifically, a subset of Caucasian stimuli was selected pseudo-randomly, such that the sets of 
Caucasian and East Asian stimuli consisting of equal numbers of movies would be equated in 
terms of other manipulations part of our present data analyses – i.e., handshake and no-
handshake, approach and avoidance behaviors, female and male hosts. This procedure ensured 
that differences in the appraisal observed between the two sets of stimuli would be attributed as 
much as possible to host race and not to other factors. Finally, for replication purposes, these 
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analyses targeting the effects of race and gender were preceded by an ANOVA examining basic 
differences as a function of handshake and approach/avoidance behaviors, regardless of race and 
gender of the hosts and participants (Dolcos, Sung, et al., 2012). 
 
Results 
Effects of Handshake and Approach/Avoidance Behavior on Appraisals of Social Interactions 
To confirm replication of the previous findings using a similar paradigm (Dolcos, Sung, 
et al., 2012), we first performed a 2 (Handshake vs. No-handshake) × 2 (Approach vs. 
Avoidance) repeated-measures ANOVA, using Handshake and Behavior as the independent 
variables. As expected, social appraisals for interactions with a handshake (M = 3.26, SD = 0.51) 
were overall significantly more positive than those for interactions without a handshake (M = 
3.00, SD = 0.52), as confirmed by a main effect of Handshake: F(1,87) = 42.70, p < .001, η2p = 
0.33 [t(87) = 6.54, p < .001]. Additionally, social appraisals for interactions involving approach 
behavior (M = 3.71, SD = 0.56) were more positive than those for interactions involving 
avoidance behavior (M = 2.54, SD = 0.62), as confirmed by a significant main effect of 
Behavior: F(1,87) = 252.79, p < .001, η2p = 0.74 [t(87) = 15.90, p < .001]. The ANOVA also 
yielded a significant Handshake × Behavior interaction: F(1,87) = 3.97, p = .05, η2p = 0.04. Post-
hoc analyses showed that the effect of handshake on social appraisals was more positive for 
interactions involving approach behavior (Handshake: M = 3.86, SD = 0.61 vs. No-handshake: M 
= 3.56, SD = 0.61) than for those involving avoidance behavior (Handshake: M = 2.66, SD = 
0.63 vs. No-handshake: M = 2.43, SD = 0.66); comparison of differences: t(87) = 1.95, p = .05. 
Overall, these findings confirm the previous evidence regarding the positive effects of handshake 
and approach behavior on the appraisal of social interactions. The observed stronger effect of 
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handshake on the appraisal of social interactions involving approach behavior than those 
involving avoidance behavior is also consistent with the previous findings (Dolcos, Sung, et al., 
2012). 
 
Effects of Handshake, Participant Race, and Host Race on Appraisals of Social Interactions 
To investigate the effect of handshake and participant/host race on the appraisal of social 
interactions, we conducted a 2 (Handshake vs. No-handshake) × 2 (Caucasian vs. East Asian 
Participants) × 2 (Caucasian vs. East Asian Hosts) mixed ANOVA using Handshake, Participant 
Race, and Host Race as the independent variables. As expected, there was a significant 
interaction between Handshake × Participant Race: F(1,86) = 10.25, p = 0.002, η2p = 0.11. Post-
hoc t tests revealed that the difference in social appraisals between interactions with a handshake 
and those without it was more positive in Caucasian participants (Handshake: M = 3.44, SD = 
0.46 vs. No-handshake: M = 3.06, SD = 0.55) than in East Asian participants (Handshake: M = 
3.08, SD = 0.50 vs. No-handshake: M = 2.94, SD = 0.49); comparison of differences: t(43) = 
3.08, p = .003 (Figure 2.2). A two-way interaction between Handshake × Host Race was not 
significant: F(1,86) = 2.10, p = .150, η2p = 0.02. Likewise, a three-way interaction between 
Handshake × Participant Race × Host Race was not significant: F(1,86) = 0.50, p = .480, η2p = 
0.01. Taken together, these results partially confirm our first hypothesis that the effect of 





Figure 2.2. Effects of handshake and participant race on appraisals of social interactions. The effect of handshake on social 
appraisals was more positive in Caucasian (n = 44) than in East Asian participants (n = 44). **p < .01; ***p < .001 
 
Effects of Handshake, Participant Gender, and Host Gender on Appraisals of Social 
Interactions 
Next, we conducted a 2 (Handshake vs. No-handshake) × 2 (Female vs. Male 
Participants) × 2 (Female vs. Male Hosts) mixed ANOVA using Handshake, Participant Gender, 
and Host Gender as independent variables. As expected, the ANOVA yielded a significant three-
way interaction between Handshake × Participant Gender × Host Gender: F(1,86) = 6.92, p = 
.010, η2p = 0.07. Post-hoc analyses revealed that, among male participants, the effect of 
handshake on social appraisals was more positive for interactions with male hosts 
(Handshake/Male Host: M = 3.14, SD = 0.52 vs. No-handshake/Male Host: M = 2.91, SD = 0.52) 
than for those with female hosts (Handshake/Female Host: M = 3.21, SD = 0.49 vs. No-
handshake/Female Host: M = 3.08, SD = 0.51); comparison of differences: t(43) = 2.97, p = .005. 
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In contrast, the effect of handshake on social appraisals did not differ as a function of host gender 
among female participants [Handshake/Female Host: M = 3.40, SD = 0.55 vs. No-
handshake/Female Host: M = 3.05, SD = 0.58; Handshake/Male Host: M = 3.28, SD = 0.51 vs. 
No-handshake/ Male Host: M = 2.95, SD = 0.55; comparison of differences: t(43) = 0.87, p = 
.390]. 
Notably, the observed three-way interaction was significant only in Caucasian 
participants [F(1,42) = 11.86, p = .001, η2p = 0.22] (Figure 2.3), but not in East Asian 
participants [F(1,42) = 0.56, p = .46, η2p = 0.01]. Interestingly, in Caucasian male participants, 
the effect of handshake on social appraisals was specific to appraisals of interactions with male 
hosts [Handshake/Male Host: M = 3.40, SD = 0.43 vs. No-handshake/Male Host: M = 3.07, SD = 
0.52; t(21) = 3.85, p = .001], and was not observed for appraisals of interactions with female 
hosts [Handshake/Female Host: M = 3.42, SD = 0.41 vs. No-handshake/Female Host: M = 3.27, 
SD = 0.51; t(21) = 1.60, p = .130]; comparison of differences: t(21) = 5.52, p < .001. In 
Caucasian female participants, however, the effect of handshake on social appraisals was 
observed in interactions both with female and male hosts [Handshake/Female Host: M = 3.54, 
SD = 0.51 vs. No-handshake/Female Host: M = 3.01, SD = 0.62; t(21) = 5.58, p < .001; 
Handshake/Male Host: M = 3.40, SD = 0.52 vs. No-handshake/Male Host: M = 2.89, SD = 0.58; 
t(21) = 5.06, p < .001; comparison of differences: t(21) = 0.26, p = .800]. Taken together, these 
findings partially support our second hypothesis and show that, among male participants, the 
effect of handshake on social appraisals was more positive for interactions with male than with 





Figure 2.3. Effects of handshake, participant gender, and host gender on appraisals of social interactions. In 
Caucasian male participants (n = 22), the effect of handshake on social appraisals was specific to interactions with 
male hosts and was absent for those with female hosts, whereas no such differences by host gender were observed for 
Caucasian female participants (n = 22). **p < .01; ***p < .001 
 
Effects of Approach/Avoidance Behavior, Participant Race, and Host Race on Appraisals of 
Social Interactions 
In addition to the effects of handshakes, we also conducted analyses targeting the effects 
of approach and avoidance behaviors on social appraisals. First, we performed a 2 (Approach vs. 
Avoidance) × 2 (Caucasian vs. East Asian Participants) × 2 (Caucasian vs. East Asian Hosts) 
mixed ANOVA using Behavior, Participant Race, and Host Race as the independent variables. 
The ANOVA identified a main effect of Participant Race: F(1,86) = 5.77, p = .020, η2p = 0.06. 
Follow-up analyses showed that social appraisals in Caucasian participants (M = 3.25, SD = 
0.46) were significantly more positive than those in East Asian participants (M = 3.01, SD = 
0.48); t(86) = 2.40, p = .020. Of note, more positive social appraisals in Caucasian than in East 
Asian participants were observed for both approach [Caucasian: M = 3.82, SD = 0.52 vs. East 
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Asian: M = 3.60, SD = 0.58; t(86) = 1.82, p = .040] and avoidance behaviors [Caucasian: M = 
2.68, SD = 0.63 vs. East Asian: M = 2.41, SD = 0.59; t(86) = 2.04, p = .020]. A two-way 
interaction between Behavior × Participant Race was not significant: F(1,86) = 0.06, p = .810, 
η2p = 0.001. These findings confirm our third hypothesis and show that social appraisals of 
interactions are overall more positive in Caucasian than in East Asian participants, for both 
interactions involving approach and avoidance behaviors. 
In addition, the ANOVA also identified a significant interaction between Behavior × 
Host Race: F(1,86) = 10.23, p = .002, η2p = 0.11. Post-hoc t tests showed that, while social 
appraisals for interactions involving approach behavior did not differ between Caucasian hosts 
(M = 3.71, SD = 0.58) and East Asian hosts (M = 3.70, SD = 0.56) [t(87) = 0.24, p = .810], social 
appraisals for interactions involving avoidance behavior were significantly more positive for 
Caucasian hosts (M = 2.58, SD = 0.63) than for East Asian hosts (M = 2.46, SD = 0.62) [t(87) = 
4.67, p < .001]; comparison of differences: t(87) = -3.35, p = .001 (Figure 2.4). A three-way 
interaction between Behavior × Participant Race × Host Race was not significant: F(1,86) = 




Figure 2.4. Effect of approach/avoidance behaviors and host race on appraisals of social interactions. Social 
appraisals of interactions involving avoidance behavior were more positive for Caucasian hosts than for East Asian 
hosts, whereas no differences were observed for social appraisals of interactions involving approach behavior (N = 
88). **p < .01; ***p < .001 
 
Effects of Approach/Avoidance Behavior, Participant Gender, and Host Gender on Appraisals 
of Social Interactions 
Finally, we performed a 2 (Approach vs. Avoidance) × 2 (Female vs. Male Participants) 
× 2 (Female vs. Male Hosts) mixed ANOVA using Behavior, Participant Gender, and Host 
Gender as the independent variables. The ANOVA yielded a significant interaction between 
Behavior × Participant Gender: F(1,86) = 3.97, p = .050, η2p = 0.04. Post-hoc analyses identified 
a trend showing that social appraisals of interactions involving approach behavior were more 
positive in female participants (M = 3.82, SD = 0.61) than in male participants (M = 3.60, SD = 
0.49) [t(86) = 1.93, p = .060], whereas social appraisals of interactions involving avoidance 
behavior did not differ between female (M = 2.51, SD = 0.60) and male participants (M = 2.58, 
SD = 0.65) [t(86) = -0.46, p = .650] (Figure 2.5). A two-way interaction between Behavior × 
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Host Gender was not significant: F(1,86) = 1.75, p = .190, η2p = 0.02. Likewise, a three-way 
interaction between Behavior × Participant Gender × Host Gender was not significant: F(1,86) = 
0.17, p = .680, η2p = 0.002. Taken together, these findings partially support our fourth hypothesis 
and show that social appraisals of interactions involving approach behavior were more positive 
in female than in male participants. 
 
Figure 2.5. Effects of approach/avoidance behaviors and participant gender on appraisals of social interactions. Social 
appraisals of interactions involving approach behaviors were more positive in female participants (n = 44) than in male participants 
(n = 44) at a marginally significant level, whereas such differences by participant gender were not observed for avoidance behaviors. 
*p = .050; †p = .060 
 
To address the issue of the unequal proportions of stimuli with Caucasian and East Asian 
hosts, follow-up analyses were conducted using a subset of the stimuli with Caucasian hosts to 
see if similar findings would be observed with equal numbers of Caucasian and East Asian 
stimuli. Overall, these analyses yielded similarly significant results, with the exception that the 
Behavior × Participant Gender interaction reported above in “Effects of Approach/Avoidance 
Behavior, Participant Gender, and Host Gender on Appraisals of Social Interactions” was 
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only marginally significant [F(1,86) = 2.94, p = .090, η2p = 0.03] when equal proportions of 
Caucasian and East Asian stimuli were used. Therefore, the observed differences in social 
appraisals regarding this ANOVA interaction should be treated with caution. 
 
Discussion 
Substantial changes in racial and gender diversity in the workplace highlight the need to 
better understand the nature of social interactions with individuals from different backgrounds. 
Extending the previous evidence in the literature, four novel findings emerged from the present 
investigation, thus providing strong support for the role of race and gender in the effect of 
handshakes, and of general approach and avoidance behaviors, on social appraisals. These 
findings will be discussed in turn below. 
 
Effects of Handshake, Participant Race, and Host Race on Appraisals of Social Interactions 
In Western/North American cultures, handshaking is a common greeting behavior 
associated with positive first impressions and personality characteristics (Chaplin et al., 2000; 
Stewart et al., 2008). There is also evidence showing that North American (individualistic) 
cultures, compared to East Asian (collectivistic) cultures, are generally associated with greater 
evaluative ingroup bias based on greater attention to categorical group membership (Yuki & 
Takemura, 2014). Therefore, we expected that the effect of handshake on social appraisals would 
be more positive in Caucasian participants than in East Asian participants, and that this effect 
would be larger for interactions with racial ingroup hosts than with outgroup ones. The results 
partially lent support to this hypothesis, and confirmed a greater positive effect of handshake on 
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social appraisals in Caucasian than in East Asian participants; however, no significant effect of 
host race was identified. 
The finding that handshaking improves social appraisals to a greater extent in Caucasian 
than in East Asian participants is consistent with the notion that this nonverbal greeting behavior 
is more common in North American than in East Asian cultures (Bowman & Okuda, 1985; Singh 
et al., 1998). It is possible that our Caucasian participants perceived handshakes more naturally 
given their familiarity with this greeting behavior, whereas East Asian participants might not 
have internalized the value of handshakes during social interaction at the time of their 
participation in the current study as much as our Caucasian participants. In addition, North 
American cultures are also associated with greater emphasis on approach-oriented (as opposed to 
avoidance-oriented) information processing (Elliot et al., 2001; Hamamura et al., 2009). 
Therefore, another possibility is that Caucasian participants attended more to handshakes as a 
social cue that signals approaching intentions during social interaction. 
Interestingly, host race did not significantly influence the effect of handshake on social 
appraisals in the present investigation, thus suggesting a similarly positive effect of handshake 
regardless of whether social interactions involve racial ingroup or outgroup members. This 
finding is consistent with previous evidence showing that, in the context of interpersonal 
communication, observation of culturally-congruent nonverbal behavior was associated with 
higher appraisals of social interaction partners, whereas race of these interaction partners did not 
influence such appraisals (Dew & Ward, 1993). One possibility, therefore, is that cultural 
congruency or familiarity with nonverbal behaviors exerts more powerful influences on social 
appraisals than race. However, as discussed below, the present study also found that the gender 
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composition of dyads in social interactions influences the effect of handshake on social 
appraisals. 
 
Effects of Handshake, Participant Gender, and Host Gender on Appraisals of Social 
Interactions 
Handshaking is historically part of males’ greeting behaviors, and therefore tends to be 
far more commonly observed in male-male interactions than in female-female or mixed-gender 
interactions (Greenbaum & Rosenfeld, 1980). In this context, we expected that the effect of 
handshake on social appraisals would be more positive in male than in female participants, and 
that this effect would be largest in male-male interactions. Our results provided some support to 
this hypothesis and showed that, among male participants, the effect of handshake on social 
appraisals was more positive for same-gender than for mixed-gender interactions, whereas no 
such differences as a function of host gender were observed among female participants. 
The results also revealed that this effect was driven by Caucasian participants, as 
reflected in a non-significant effect of handshake on social appraisals of interactions with female 
hosts observed in Caucasian male participants. In other words, Caucasian males’ social 
appraisals were negatively affected by the absence of a handshake from male hosts. These 
findings are consistent with the notion that handshaking is most commonly observed in male-
male social interactions among a Caucasian sample (Greenbaum & Rosenfeld, 1980). It is 
possible that Caucasian male participants in the present investigation had more expectations for a 
handshake to occur in male-male interactions in a business context, and that the absence of it 
violated their expectations about the greeting behavior between men, leading to their less 
positive social appraisals for interactions with male hosts without a handshake. 
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Alternatively, given that both North Americans (compared to East Asians) and men 
(compared to women) are generally associated with relatively greater approach-oriented 
motivational tendencies (Hamamura et al., 2009; Meyers-Levy & Loken, 2015), Caucasian male 
participants may have attended the most to the presence or absence of handshakes as a behavior 
signaling approaching intentions, compared to the other subgroups of our participants. The 
present findings discussed in this section so far suggest that, although racial group membership 
does not seem to influence the effect of handshake on social appraisals, gender composition 
exerts a powerful influence on social appraisals, particularly among Caucasian males for whom 
handshaking may be the most customary greeting behavior in a business context. This finding 
extends evidence from previous studies of handshakes (Chaplin et al., 2000; Stewart et al., 
2008), and highlights the importance of considering both racial and gender groups together in 
investigating the role of handshakes on social appraisals. 
 
Effects of Approach/Avoidance Behavior, Participant Race, and Host Race on Appraisals of 
Social Interactions 
Available evidence concerning racial/cultural differences in nonverbal affective behavior 
suggests that North Americans tend to process emotional information more positively and 
intensely compared to East Asians (Matsumoto & Hwang, 2012). Given that North 
American/individualistic and East Asian/collectivistic cultures are associated with a greater focus 
on approach-oriented versus avoidance-oriented information processing, respectively 
(Hamamura et al., 2009), we expected that social appraisals of interactions involving approach 
and avoidance behaviors would be more positive in Caucasian than in East Asian participants; 
the results lent support to this hypothesis. This finding is overall consistent with previous 
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evidence showing that North Americans tend to appraise emotional situations as more pleasant 
than East Asians (Mesquita & Walker, 2003). 
Interestingly, social appraisals for interactions involving avoidance behavior were 
significantly more positive for Caucasian than for East Asian hosts in both Caucasian and East 
Asian participants. This might be due to different criteria for categorizing ingroup versus 
outgroup members across cultures. Specifically, North Americans are more likely to exhibit 
evaluative ingroup bias based on the perceived social group categories than East Asians, who 
may do so on the basis of relational connections (Brewer & Chen, 2007; Yuki & Takemura, 
2014). Therefore, it is possible that Caucasian participants in the present sample attended more to 
racial differences in host avatars, and appraised avoidance behavior displayed by their ingroup 
members more favorably compared to those displayed by outgroup members. 
The extent to which our East Asian participants perceived East Asian hosts as ingroup 
members may be less clear. Nevertheless, the finding that East Asians’ social appraisals of 
avoidance behavior displayed by racial ingroup members were less positive (more negative) than 
those by outgroup members is consistent with the values typically endorsed by East Asian 
collectivistic cultures. In particular, collectivistic cultures tend to value group harmony, 
conformity, and belongingness (Brewer & Chen, 2007; Markus & Kitayama, 1991), and are also 
associated with decreased tolerance for deviant or unfair behaviors by ingroup members 
(Hornsey, Jetten, McAuliffe, & Hogg, 2006; Mu, Kitayama, Han, & Gelfand, 2015). Thus, it is 
possible that East Asians’ more negative appraisals of ingroup members signaling a lack of 
interest in further business interaction may be due to their sensitivity to norm violation associated 




Effects of Approach/Avoidance Behavior, Participant Gender, and Host Gender on Appraisals 
of Social Interactions 
Women are generally more expressive in their nonverbal affective behaviors and are 
more sensitive to those displayed by others compared to men (Fischer & LaFrance, 2015; Hall & 
Matsumoto, 2004; Mast & Sczesny, 2010). Given women’s greater attention to subtle nonverbal 
cues, we expected that social appraisals for interactions involving approach behavior would be 
more positive and those involving avoidance behavior would be more negative in female than in 
male participants. The results provided partial support to this hypothesis, and showed that social 
appraisals of interactions involving approach behavior were more positive in female than in male 
participants, although there were no significant differences in social appraisals of interactions 
involving avoidance behavior between female and male participants. 
The finding regarding gender differences in approach behavior is overall consistent with 
previous evidence suggesting that women are generally more sensitive and reactive to others’ 
dynamic positive emotional expressions (e.g., smiling) than men (Krumhuber et al., 2007). The 
absence of significant differences in social appraisals of avoidance behavior is somewhat 
surprising, given evidence identifying females’ biases toward negative emotional information 
(Meyers-Levy & Loken, 2015). One possible explanation for this null result concerns the role of 
stimulus type, given that gender differences have not always been observed in explicit 
recognition of dynamic negative emotional expressions (Kret & De Gelder, 2012). It should be 
noted, however, that these results regarding the interaction of participant gender and 
approach/avoidance behaviors should be treated and interpreted with caution, as the observed 




In discussing the results concerning our manipulation of the approach and avoidance 
conditions, it is important to note that participants’ social appraisals of these behaviors were 
mostly based on whole-body nonverbal behaviors signaling approach and avoidance intentions, 
respectively, rather than on subtle differences in facial expressions that conveyed emotions 
congruent with each behavior. This is based on post-experiment debriefings in which the 
majority of the participants explicitly commented that their appraisals were influenced by the 
posture or body language of the hosts. These findings not only confirm the successful 
manipulation of the “approach” and “avoidance” behaviors through our whole-body nonverbal 
behavior cues, but also speak to the validity and appropriateness of this manipulation to 
investigate the role of racial and gender differences in social appraisals. 
 
Limitations 
The following limitations of the present study should be mentioned. First, although 
justified by the composition of the local targeted subject population, the present analyses were 
based on a subset of the experimental stimuli consisting of the unequal proportions of Caucasian 
and East Asian hosts. Importantly, however, analyses carried out with equal proportions of 
Caucasian and East Asian stimuli overall yielded similar results, thus showing that the findings 
reported here are not driven by the difference in the number of stimuli representing the two racial 
groups. To minimize the effect of possible confounds due to disproportionate number of trials, 
future studies may consider using experimental paradigms with a balanced design for targeted 
comparisons of specific racial groups (e.g., Dew & Ward, 1993; Matsumoto & Kudoh, 1993), 
even though this might reduce the ecological validity given by the stimulus proportion that 
mimics the racial composition of the targeted subject population. 
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Another limitation is related to the composition of the present subject sample. Our East 
Asian subsample consisted predominantly of international students from China and South Korea 
with limited experience of living abroad. However, strictly targeting one racial/cultural group 
may yield more robust differences in social appraisals when compared to a Caucasian subsample. 
In addition, there is evidence suggesting that, while Asian international students recruited in 
North America show attentional biases consistent with Asian cultural values, the magnitude of 
such biases is weaker than those exhibited by a sample recruited in Asia (Masuda et al., 2012). 
This suggests a potential effect of bicultural exposure on social cognition. Future studies would 
benefit from multi-site investigations, which may help minimize the effect of acculturation. 
Furthermore, in the present study, we were unable to collect data regarding the detailed 
assessment of host race from the original sample. Although the data obtained from an 
independent sample yielded promising results, future studies should thoroughly examine the 
perception of host racial characteristics within the same samples. 
Finally, with respect to gender differences in social appraisals, one manipulation of 
possible interest concerns the role of context. For instance, women are more sensitive not only to 
nonverbal cues than men, as reviewed above, but also to subtle differences in the experimental 
context, as shown by previous studies of social cognition and decision-making (Croson & 
Gneezy, 2009). Therefore, future research examining gender differences in social appraisals 
should consider exploring the possible role of social context (e.g., formal business interaction vs. 
informal casual interaction) in social appraisals. 
Conclusions 
Despite these limitations, the present investigation makes important novel contributions 
to the literatures on handshaking, in particular, and nonverbal communication, in general. By 
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using a comprehensive experimental design with race and gender examined both at the level of 
the target and perceiver, the present study sheds light on the role of race and gender in the effect 
of handshake and approach/avoidance behaviors on social appraisals, in the context of business 
interactions. Our results provide evidence regarding the role of these factors in the perception 
and evaluation of handshakes, as a customary greeting behavior in Western cultures particularly 
among males, and in those of general nonverbal affective cues signaling approach and avoidance 
intentions. Overall, these findings advance our understanding of the interaction of race and 
gender on the appraisals of nonverbal behaviors, and have implications for clarifying factors that 














CHAPTER 3: NEURAL CORRELATES OF RACIAL INGROUP BIAS IN SOCIAL 
COGNITION: AN FMRI INVESTIGATION4 
 
Introduction 
Dramatic changes in the racial and ethnic composition of the United States have made 
social interactions with diverse social groups ubiquitous elements of everyday life (Cárdenas et 
al., 2011). An essential component of these interactions, with a critical influence on drawing 
inferences about others, is represented by nonverbal behaviors (Murphy, 2012), the perception of 
which can be significantly influenced by whether or not one shares racial/ethnic identities with 
the others (ingroup vs. outgroup, respectively) (Adams et al., 2010; Elfenbein & Ambady, 2002). 
For instance, nonverbal information from ingroup members tends to be decoded more accurately 
than that from outgroup members (Adams et al., 2010; Elfenbein & Ambady, 2002), possibly 
reflecting greater familiarity and less uncertainty associated with ingroup nonverbal behaviors 
(Dovidio & Gluszek, 2012). Extending prior behavioral evidence regarding the impact of group 
membership on social cognition, recent functional neuroimaging studies have identified a 
network of brain regions showing sensitivity to ingroup vs. outgroup differences in various task 
contexts (Molenberghs, 2013; Shkurko, 2013). However, neural mechanisms associated with 
observing different kinds of nonverbal behaviors displayed by ingroup vs. outgroup members in 
a defined social context remain relatively unclear. The present study addressed this important 
issue by using a novel experimental paradigm (Dolcos, Sung, et al., 2012; Katsumi, Kim, Sung, 
Dolcos, & Dolcos, 2017; Sung et al., 2011), in which participants observed and evaluated a 
                                                 
4 A version of this chapter has been published as: Katsumi, Y. & Dolcos, S. (2018). Neural correlates of racial 




series of nonverbal social encounters with racially ingroup and outgroup characters in a business 
context. 
 Recent neuroimaging studies have identified dissociable engagement of a network of 
regions associated with processing information about ingroup vs. outgroup members (Amodio, 
2014; Kubota et al., 2012; Molenberghs, 2013; Shkurko, 2013). These modulations of neural 
responses by group membership have been observed in various task contexts (e.g., social 
categorization, face/action perception, empathy), and are thought to reflect either relatively 
automatic/bottom-up or deliberate/top-down processes (Molenberghs, 2013). Several brain 
regions have been identified as showing differential activation linked to processing information 
about ingroup and outgroup members. On the one hand, rapid detection and categorization of 
group membership may be subserved by regions such as the AMY and fusiform gyrus, 
particularly when a task involves categorization of face-based stimuli (Cunningham et al., 2004; 
Van Bavel, Packer, & Cunningham, 2008). There is evidence suggesting that the AMY shows 
greater activation to either ingroup or outgroup stimuli, depending on the motivational 
significance associated with different goals to process them (Amodio, 2014; Cunningham & 
Brosch, 2012). In contrast, the fusiform gyrus seems to be preferentially activated in response to 
ingroup faces (Van Bavel et al., 2008).  
 On the other hand, processing of ingroup vs. outgroup members may also involve more 
deliberate monitoring and regulation of prepotent biases (e.g., negative associations with 
outgroup members), and these processes have been linked to increased activity in the ACC and 
lateral frontal regions [e.g., dorsolateral PFC (dlPFC)], respectively (Amodio, 2014; Kubota et 
al., 2012). The ACC and dlPFC share numerous functional connections, and together they are 
involved in various aspects of top-down control and decision-making processes (Amodio & 
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Frith, 2006). Taken together, these findings suggest that processing of ingroup and outgroup 
members is linked to modulation of activity in a network of regions implicated in various social 
cognitive and emotional processes, both at the level of relatively automatic/bottom-up and 
deliberate/top-down processing. 
Consistent with the notion that processing of outgroup members tends to involve more 
conscious regulatory mechanisms, previous research suggests that processing of ingroup 
members tends to occur relatively more spontaneously than that of outgroup members 
(Bernstein, Young, & Hugenberg, 2007; Senholzi & Ito, 2013; Van Bavel et al., 2008). For 
instance, categorization of ingroup faces is associated with faster reaction time (RT) than that of 
outgroup faces (Ratner & Amodio, 2013; Van Bavel et al., 2008), and electrophysiological 
evidence also demonstrates enhanced early perceptual processing of ingroup relative to outgroup 
faces when race is a salient feature (Ratner & Amodio, 2013; Senholzi & Ito, 2013). Such 
patterns of ingroup bias may be due to additional psychological significance afforded by ingroup 
membership, which contributes to one’s social identity and self-esteem (Brewer, 1999; Tajfel & 
Turner, 1986). 
Not surprisingly, neural ingroup bias has been identified in fMRI studies in which greater 
activation in regions implicated in socioemotional processes was observed for ingroup than 
outgroup stimuli in the context of social categorization (Molenberghs & Morrison, 2014; 
Morrison, Decety, & Molenberghs, 2012; Van Bavel et al., 2008), nonverbal perception (Adams 
et al., 2010; Freeman, Rule, Adams, & Ambady, 2009), and impression formation (Freeman, 
Schiller, Rule, & Ambady, 2010). In addition to the fusiform gyrus discussed above, greater 
response in regions such as the mPFC, superior temporal sulcus (STS), temporo-parietal junction 
(TPJ), and insula has been identified as neural signatures of ingroup favoritism (reviewed in 
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Molenberghs, 2013). Importantly, the degree of activation in these regions has been associated 
with behavioral measures indicating preference for ingroup members, thus lending support to the 
idea that activity in these regions provides a unique index of ingroup bias in social cognition and 
behavior (Molenberghs, 2013; Van Bavel et al., 2008). Taken together, extant evidence suggests 
that enhanced processing of ingroup members occurs possibly because of increased 
psychological and social significance associated with ingroup identification. Neural ingroup bias, 
as typically reflected in greater activation for processing ingroup than outgroup stimuli, does not 
appear to be confined to a single region, but rather seems to manifest as modulations of 
functional networks broadly implicated in social cognitive and emotional processes 
(Molenberghs, 2013). 
As summarized above, previous studies have documented the neural correlates of ingroup 
bias in various task contexts. However, several issues remain unclear regarding the role of racial 
group membership in the neural correlates of nonverbal perception and impression formation. 
First, our current understanding of the neural correlates of processing group membership is 
largely based on evidence from studies using static pictures depicting faces in isolation, 
particularly in the context of social categorization (e.g., Shkurko, 2013). In real-life situations, 
however, inference of others’ mental states is usually based on more comprehensive evaluations 
of nonverbal behaviors through both facial and bodily expressions (Dolcos, Sung, et al., 2012; 
Katsumi et al., 2017; Van den Stock, Hortensius, Sinke, Goebel, & de Gelder, 2015). Second, 
although a few previous studies have identified dissociable neural responses associated with 
observing dynamic gestures displayed by racial ingroup vs. outgroup members (e.g., Gutsell & 
Inzlicht, 2010; Losin, Iacoboni, Martin, Cross, & Dapretto, 2012), these studies often lacked a 
well-defined social context in which these cues were embedded and processed. Importantly, 
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categorization of ingroup vs. outgroup members is often fluid and context-dependent (Turner, 
Oakes, Haslam, & McGarty, 1994), and there is in fact evidence showing that dissociable neural 
sensitivity to ingroup vs. outgroup members can be modulated by task goals (e.g., superficial 
categorization vs. individuated processing) (Freeman et al., 2010; Wheeler & Fiske, 2005). 
Therefore, clarification of these issues is of particular importance in better understanding the 
neural correlates of processing racial ingroup vs. outgroup information in a defined social 
context with increased ecological validity. 
The main goal of the present investigation was to clarify the neural mechanisms 
associated with observing social encounters with racially ingroup and outgroup characters 
displaying different types of whole-body nonverbal behaviors. Specifically, we incorporated both 
dynamic and static (i.e., cardboard) displays of nonverbal behaviors, and placed them in a 
socially relevant context. Dynamic social interactions between the characters consisted of 
approach and avoidance behaviors that encouraged or discouraged further interaction, 
respectively, which were preceded or not by a handshake, a customary greeting behavior in 
business settings in North America. Approach and avoidance behaviors were included given 
prior evidence linking processing of ingroup vs. outgroup members to approach vs. avoidance 
tendencies, where ingroup favoritism may manifest as greater associations between ingroup and 
approach/positive behaviors (Paladino & Castelli, 2008). Handshakes were also included as a 
common greeting behavior signaling approaching intentions in Western cultures (Dolcos, Sung, 
et al., 2012; Katsumi et al., 2017). Moreover, a control condition without dynamic social 
interaction involved observation of characters depicted on a cardboard cutout, thus mimicking 
real-life situations in which the human presence is replaced by similar cardboard images (e.g., of 
popular people or an organization’s employees), such as those posted in stores or banks. 
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Based on the extant evidence, we tested the following hypotheses. Regarding the 
behavioral effects, (1) we expected to observe differences in behavioral responses (i.e., ratings 
and/or RTs) reflecting bias toward ingroup members, as observed in previous studies of ingroup 
processing (Bernstein et al., 2007; Molenberghs, 2013; Van Bavel et al., 2008). Regarding the 
fMRI results, (2) we expected that observing ingroup and outgroup dynamic social interaction 
would engage a broader network of regions involved in action observation and social cognition, 
including the posterior STS (pSTS), extrastriate body area (EBA), fusiform gyrus, as well as 
lateral and medial frontal regions (e.g., inferior frontal gyrus) (Dolcos, Sung, et al., 2012; Van 
den Stock, Hortensius, et al., 2015; Yang, Rosenblau, Keifer, & Pelphrey, 2015). Second, we 
expected that observing ingroup vs. outgroup social encounters would be associated with 
dissociable activations in brain regions previously identified in studies of group membership in 
the context of social categorization, nonverbal perception, or impression formation. More 
specifically, (3) greater activation to observing social encounters with ingroup than outgroup 
members was expected in regions previously identified as showing sensitivity to ingroup 
information, such as the fusiform gyrus, mPFC, and pSTS/TPJ (Adams et al., 2010; 
Molenberghs, 2013; Van Bavel et al., 2008). In particular, we expected modulation of activity in 
these regions associated with observing ingroup approach behaviors and handshakes (Freeman et 
al., 2009; Paladino & Castelli, 2008). Finally, (4) increased activity for observing outgroup vs. 
ingroup members was also expected in regions typically involved in cognitive control and 
regulatory processes, including the ACC and dlPFC (Kubota et al., 2012), possibly linked to 







Twenty right-handed healthy young adults (10 women; age 18–29) participated in the 
study. All participants were native English speakers, identified their race as Caucasian/White, 
and had no history of neurological, psychological, or psychiatric disorders. The experimental 
protocol was approved by the University of Illinois Institutional Review Board, and all 
participants provided written informed consent and received payment for their participation. 
 
Experimental Design 
 The experimental stimuli used in the present study were identical to those described in 
Chapter 2. The Poser software package has been used in a number of previous studies examining 
the neural correlates of social interaction with virtual characters (Mojzisch et al., 2006; 
Muhlberger et al., 2009; Pelphrey, Viola, & McCarthy, 2004; Pitskel et al., 2011; Schilbach et 
al., 2006; Zucker et al., 2011). Through manipulations of various nonverbal behaviors displayed 
by animated characters, these studies identified modulation of activity in brain regions including 
the mPFC and STS (e.g., Pelphrey et al., 2004; Schilbach et al., 2006). Importantly, the role of 
these regions has been similarly identified in neuroimaging studies of social interactions with 
real humans (Iacoboni et al., 2004; Kujala, Carlson, & Hari, 2012; Van den Stock, Hortensius, et 
al., 2015). It is also noteworthy that Poser has been used to manipulate the racial characteristics 
of virtual characters in the context of social evaluations (Stepanova & Strube, 2009). 
Collectively, these findings point to the validity of Poser to examine the neural correlates of 
racial ingroup bias in observing social encounters in the present study. 
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Similar to the Dolcos et al. (2012) study, the task consisted of a series of 10-s whole-body 
animated movies illustrating nonverbal guest–host interactions in a business setting (Figure 3.1). 
Participants viewed the guest being greeted by a host (dynamic social interaction condition) or a 
cardboard cut-out of a host (control condition). In the dynamic condition, the host displayed 
nonverbal behaviors that either encouraged (approach condition) or discouraged (avoidance 
condition) further social interactions. Specifically, the host in the Approach condition stepped 
toward the guest while displaying open postures and smiley faces, whereas the host in the 
Avoidance condition stepped away from the guest while displaying closed postures and frowny 
faces. Within each condition, in half of the trials, dynamic social interaction was preceded by a 
handshake initiated by the host as part of the greeting protocol, and the order of trials with and 
without a handshake was counterbalanced across participants. In the control condition, the host 
was depicted on a cardboard cutout, thus mimicking real-life contexts in which the human 
presence is replaced by similar cardboard images (e.g., of popular people or an organization’s 
employees), such as those posted in stores or banks. It should be noted that, as in the previous 
study using similar experimental stimuli (Dolcos, Sung, et al., 2012), there were no overall 
differences in the objective motion between the social interaction and control condition movies, 
nor within the dynamic (approach vs. avoidance) conditions. This was due to the fact that movies 
in the control condition involved increased panning, which seemingly contributed to changes in 




Figure 3.1. Diagram of the task. Event-related fMRI data were recorded while participants viewed movies of guest–
host interactions, in which hosts displayed dynamic non-verbal behaviors that either encourage (approach: open 
postures, smiley faces; top row) or discourage (avoidance: closed postures, frowny faces; middle row) further social 
interaction. A control condition, in which the host characters were replaced with cardboard cutouts depicting their 
whole body, was used as a control condition (bottom row). Half of the dynamic social interaction trials involved a 
handshake; all conditions were followed by participants’ ratings of the hosts on competence as business 
representatives, and their own interest in doing business with the hosts. Time (in seconds) denoted in parentheses 
above specifies the onset of each event relative to that of each movie. 
 
Host race was manipulated following previous studies using similar procedures (Krämer 
et al., 2013; Stepanova & Strube, 2009), by applying unique facial characteristics and skin tones 
representing particular racial groups. Ingroup hosts represented Caucasian individuals, whereas 
outgroup hosts represented three non-Caucasian racial/ethnic groups: East Asian, South Asian, 
and African-American, in proportions similar to the representation of these racial/ethnic groups 
in the local student population (i.e., 50% Caucasian, 18.75% East Asian, 18.75% South Asian, 
12.5% African–American). Host race was validated by a subset of the present sample (n = 18) as 
well as an independent sample (N = 97; see Chapter 2), who rated the host’s race in each movie 
using 10-point scales (1 = Definitely not Caucasian, 10 = Definitely Caucasian). These 
participants provided their ratings of host race after they had completed the main evaluation task, 
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in order to avoid task contamination. Results based on the present sample showed that 
ingroup/Caucasian stimuli were significantly more likely to be perceived as Caucasian (M = 
8.51, SD = 1.13) compared to outgroup/non-Caucasian stimuli (M = 3.10, SD = 1.25) (p < .001; 
similar results were obtained in the other sample), thus confirming our successful manipulation 
of host race. 
Ingroup and outgroup hosts consisted of equal proportions of female and male characters. 
Guest gender was also manipulated to have equal proportions of female and male characters, 
which allowed manipulation of perspective taking in observing social encounters (i.e., first- vs. 
third-person perspectives; Dolcos, Sung, et al., 2012). Because this manipulation was not the 
focus of the present investigation, all analyses reported herein were performed by collapsing 
across trials with different perspectives. Each movie was followed by rating screens, which 
prompted participants to provide the following ratings, using 5-point scales (1 = Not at all, 5 = 
Very high): business competence of the host (“Competence”) and their own interest in doing 
business with the host (“Interest in doing business”). Each rating screen was displayed for 2 s, 
and the order of the ratings was counterbalanced across trials. 
 
Procedure 
As part of the pre-scanning instructions, participants were told that the study examined 
the effect of first impressions formed in brief social encounters on the subsequent decision to 
further engage in business relations. No further explanation regarding the reason for choosing 
this particular context for the task was provided to the participants. Prior to the beginning of the 
task, participants were instructed to use the whole rating scale and to give their ratings based 
solely on the observed social encounters, as well as to make their responses as quickly and 
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accurately as possible. In the control condition, participants were told to evaluate the host on a 
cardboard cutout as if s/he was an agent representing his or her company. 
Participants completed eight runs of 20 trials each for a total of 160 trials, and were 
assigned different run orders. The trials within each run were pseudo-randomized so that no 
more than three trials of the same kind were presented consecutively. Each run started with 6 s of 
a fixation screen to allow stabilization of the fMRI signal, and an inter-trial interval of 8 s 
followed each trial and ended each run. All stimuli appeared against a black background and 
were projected on a screen directly behind the participant’s head within the scanner, which 
participants viewed through a mirror. Responses were recorded using a five-button response box 
placed under the participant’s right hand. Following the scanning session, participants viewed the 
same set of stimuli again for the validation of host race, after which they were thoroughly 
debriefed about the true purpose of the study. 
 
Behavioral Data Analysis 
Similar to previous investigations (Van den Stock, De Winter, et al., 2015), analyses of 
the rating and RT data were preceded by normality check using Shapiro-Wilk tests. Results 
confirmed that the frequency distribution of the behavioral data did not significantly differ from 
a normal distribution (p’s > .05). Therefore, the use of parametric tests was justified for statistical 
analyses of the behavioral data. The main goal of behavioral data analyses was to clarify the role 
of racial group membership in the evaluation of social encounters, with a focus on the effect of 
observing social encounters and handshake. To this end, we conducted a series of repeated-
measures ANOVAs to assess the differences in participants’ ratings and RTs using the following 
manipulations as the independent variables: Behavior (approach, avoidance, control), Handshake 
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(handshake, no-handshake), and Host Race (ingroup, outgroup). The dependent variable in each 
ANOVA was the average of competence and interest ratings, except for the analyses of RTs 
where we identified significant effects only related to the interest ratings. Collapsing the two 
rating categories was justified by high correlations between these two variables observed in the 
present sample [r(18) = .90, p < .001 for both ratings and RTs] and across samples (Dolcos, 
Sung, et al., 2012). 
 
fMRI Data Acquisition, Preprocessing, and Analysis 
Functional MRI data were recorded using a 3T Siemens Tim Trio scanner, and consisted 
of a series of T2*-weighted images acquired axially, using an echo-planar sequence [repetition 
time (TR) = 2000 ms, echo time (TE) = 40 ms, field of view = 256 × 256 mm2, number of slices 
= 28, voxel size = 4 × 4 × 4 mm3, flip angle = 90°]. All preprocessing and statistical analyses of 
fMRI data were performed using SPM8 (Wellcome Department of Cognitive Neurology, 
London, United Kingdom). During preprocessing, fMRI data were first corrected for differences 
in acquisition time between slices for each image. Second, each functional image was spatially 
realigned to the first image of each run to correct for head movement. Third, these images were 
transformed into the standard anatomical space defined by the Montreal Neurological Institute 
(MNI) template implemented in SPM8. Finally, the normalized functional images were spatially 
smoothed using an 8 mm Gaussian kernel, full-width-at-half-maximum (FWHM), to increase the 
signal-to-noise ratio. 
At the first level, each participant’s preprocessed functional data were analyzed using an 
event-related design in the general linear model (GLM) framework. In keeping with the previous 
study using a similar paradigm (Dolcos, Sung, et al., 2012), evoked hemodynamic responses to 
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all events were modeled with a delta (stick) function corresponding to the onset of each event 
convolved with canonical hemodynamic response function. Our main GLM included regressors 
for different types of behavior (approach, avoidance, control) and handshake (handshake, no-
handshake) as the events of interest, separately for ingroup and outgroup conditions. In addition, 
the onsets of rating screens as well as six motion parameters calculated during spatial 
realignment for each run were modeled as the events of no interest. These analyses generated 
contrast images identifying differential BOLD activation associated with observing each event of 
interest relative to baseline within each participant. 
At the second level, the contrast images generated for each participant were entered into a 
series of ANOVAs using the flexible factorial design implemented in SPM8, in which a subject 
factor was included. To investigate the differences in BOLD response associated with the 
observation of (1) different nonverbal behaviors (approach, avoidance, control) as well as (2) 
handshake displayed by ingroup and outgroup hosts, a 3 (Behavior) × 2 (Host Race) and 2 
(Handshake) × 2 (Host Race) ANOVA were conducted, respectively. Each of the ANOVA 
models produced three F-contrast maps identifying the regions showing the (1) main effect of 
behavior (or handshake), (2) main effect of host race, and (3) interaction effect between behavior 
(or handshake) and host race. To further characterize the significant main effects and interactions 
identified based on these F-contrast maps, a series of post hoc t-tests were performed. 
Specifically, whole-brain t-contrast maps were inclusively masked with the corresponding F-
contrast maps to identify the directionality of activation within those clusters showing significant 
ANOVA main effects. Moreover, for those clusters showing significant interactions between 
behavior (handshake) and host race, mean parameter estimates (i.e., beta values) were extracted 
and plotted to clarify which condition(s) were driving the interaction. 
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Functional Connectivity Analyses. To further investigate modulation of functional 
connectivity involving brain regions identified by the above analyses of activation as showing a 
significant Behavior × Host Race interaction (see section “Results”), functional connectivity 
analyses were performed using the beta-series correlation method (Gottlich, Beyer, & Kramer, 
2015; Rissman, Gazzaley, & D'Esposito, 2004). The seeds for connectivity analyses were 
defined as the peak voxels showing the strongest interaction effect in each functional cluster: 
ACC (Talairach coordinates: x = 0, y = 20, z = 21), mPFC (x = 4, y = 51, z = 20), and right 
superior frontal cortex (SFC) (x = 20, y = 3, z = 55). 
At the first level, a GLM was created in which BOLD response time-locked to the onset 
of the host’s behavior was modeled using a canonical hemodynamic response function 
individually by a separate covariate, producing different parameter estimates for each trial and 
for each participant. The onsets of handshake and the rating period in each trial, and the six 
motion parameters for each run, were also included in this GLM. Next, seed-based correlations 
were calculated voxel-wise for each participant and for each of the six conditions of interest 
resulting from a Behavior × Host Race interaction. This procedure yielded an individual 
correlation map between each seed region and all other voxels in the brain separately for each 
condition of interest, which was normalized using Fisher’s z transformation. At the second level, 
these individual correlation maps were entered into a series of ANOVAs to identify voxels that 
showed changes in functional connectivity (based on trial-by-trial variability in parameter 
estimates) with each of the seed regions as a function of observing different types of social 
encounters with ingroup vs. outgroup hosts. 
Correction for multiple comparisons was conducted using the updated version (August 
2016) of the 3dFWHMx and 3dClustSim programs from the AFNI software package (Cox, 
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1996). In the present study, activity was investigated within a mask of a priori regions of interest 
(ROIs), similar to a procedure employed by previous studies of group membership (Telzer, 
Ichien, & Qu, 2015). Specifically, our ROI mask consisted of brain regions that have been 
previously implicated in the processing of group membership in various task contexts (Kubota et 
al., 2012; Molenberghs, 2013; Shkurko, 2013), along with those more generally involved in 
action observation and social cognition relevant for the present task (Dolcos, Sung, et al., 2012). 
These regions included (bilaterally) the medial and lateral frontal cortex, cingulate cortex, AMY, 
fusiform gyrus, insula, inferior parietal lobule, and pSTS with the surrounding lateral 
parietal/temporal/occipital regions (e.g., TPJ, extrastriate cortex). These ROIs were created based 
on the structures from the Automated Anatomical Labeling Atlas (Tzourio-Mazoyer et al., 2002) 
available as part of the WFU PickAtlas toolbox in SPM, with the exception of the lateral 
parietal/temporal/occipital regions, covering the pSTS and surrounding areas. Because these 
latter regions could not be precisely defined based on the anatomical boundaries, we used a 
functional mask from a previous study using a similar paradigm (Dolcos, Sung, et al., 2012). 
Specifically, this functional mask identified bilateral posterior lateral temporal areas extending 
into the TPJ and extrastriate cortex showing greater activity to the observation of dynamic social 
interactions relative to control (at a height threshold of p < .05 corrected for false discovery rate). 




Figure 3.2. Description of the a priori ROI mask. The a priori ROI mask used in the present study consisted of 
brain regions that have been previously implicated in the processing of group membership in various task contexts 
(Kubota et al., 2012; Molenberghs, 2013; Shkurko, 2013), along with those more generally involved in action 
observation and social cognition relevant for the present task (Dolcos, Sung, et al., 2012). All ROIs were created based 
on the structures from the Automated Anatomical Labeling Atlas (Tzourio-Mazoyer et al., 2002) available in SPM, 
with the exception of the lateral parietal/temporal/occipital regions (covering the pSTS and surrounding areas), which 
were defined based on a functional mask from a previous study using a similar paradigm (Dolcos, Sung, et al., 2012). 
The resulting mask included 7,210 voxels (one voxel = 43 mm3). 
 
Brain-Behavior Interaction Analyses. Finally, to identify brain regions whose BOLD 
activation was related to individual variation in behavioral ratings and/or RTs, brain-behavior 
covariations were investigated by calculating across-participant covariations between the fMRI 
signals (i.e., parameter estimates) associated with observing ingroup/outgroup social encounters 
and the ratings/RTs for the relevant conditions. These analyses were restricted to the regions 
independently identified from the ANOVAs as showing sensitivity to different types of social 
encounters with ingroup and outgroup hosts. For each region, mean parameter estimates were 
extracted for each condition of interest and were submitted to bivariate correlation analyses to 
examine the relations between brain activity and behavioral measures in different conditions. 
Because significant differences in behavioral responses were identified only with respect to RTs 
for the interest ratings (see Behavioral Results), analyses of brain-behavior relations also 




Behavioral Results (1): Positive Impact of Approach Behavior and Handshakes on Ratings of 
Social Encounters 
As expected, overall competence and interest ratings were highest for social encounters 
involving approach (M = 3.65, SD = 0.46), followed by avoidance (M = 2.63, SD = 0.52) and 
then by control (M = 1.56, SD = 0.75) displays of nonverbal behaviors, as confirmed by a 3 
(Behavior) × 2 (Host Race) ANOVA yielding a significant main effect of Behavior: F(2,38) = 
80.09, p < .001, η2p = 0.81 (Figure 3.3a). Post hoc t-tests confirmed that the ratings for approach, 
avoidance, and control nonverbal behaviors were on average significantly different from each 
other [approach vs. avoidance: t(19) = 6.88, p < .001; approach vs. control: t(19) = 11.16, p 
<.001; avoidance vs. control: t(19) = 6.79, p <.001]. Neither the main effect of Host Race nor the 
interaction between Behavior × Host Race was significant [Host Race: F(1,38) = 0.04, p = .840, 
η2p = 0.002; Behavior × Host Race: F(2,38) = 2.39, p = .110, η2p = 0.11]. Moreover, the ratings 
for social encounters with a handshake (M = 3.44, SD = 0.45) were overall higher than those 
without it (M = 2.86, SD = 0.40), as revealed by a 2 (Handshake) × 2 (Host Race) ANOVA 
yielding a significant main effect of Handshake: F(1,19) = 31.89, p < .001, η2p = 0.63. Again, 
neither the main effect of Host Race nor the interaction between Handshake × Host Race was 
significant [Host Race: F(1,19) = 0.01, p = .940, η2p = 0.001; Behavior × Host Race: F(1,19) = 
0.37, p = .55, η2p = 0.02]. 
Behavioral Results (2): Modulation of RTs by Evaluating Different Social Encounters with 
Ingroup Hosts 
Turning to the analyses of RTs, a 3 (Behavior) × 2 (Host Race) ANOVA first yielded a 
significant main effect of Behavior: F(2,38) = 7.65, p = .002, η2p = 0.29. Post hoc t-tests revealed 
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that RTs for evaluating social encounters involving approach (M = 1024.57, SD = 131.63) and 
avoidance behaviors (M = 1064.02, SD = 124.14) were on average significantly slower than 
those for evaluating social encounters involving a cardboard display of the host (M = 935.60, SD 
= 193.79) [approach vs. control: t(19) = 2.57, p = .020; avoidance vs. control: t(19) = 3.10, p = 
.006]. RTs for approach and avoidance behaviors were not significantly different from each 
other: t(19) = 1.45, p = .160. A main effect of Host Race was not significant: F(1,38) = 1.89, p = 
.190, η2p = 0.09. However, an interaction between Behavior × Host Race was significant: F(2,38) 
= 4.73, p = .015, η2p = 0.20.  
Follow-up analyses revealed that the observed ANOVA interaction was driven by RTs 
for the interest ratings [F(2,38) = 18.94, p < .001, η2p = 0.50], but not for the competence ratings 
[F(2,38) = 1.25, p = .300]. Post hoc t-tests confirmed that RTs for the interest ratings for 
approach (M = 1153.35, SD = 134.12), avoidance (M = 1039.42, SD = 169.08), and control (M = 
927.25, SD = 163.33) behaviors by ingroup hosts were significantly different from each other 
[approach vs. avoidance: t(19) = 4.12, p < .001; approach vs. control: t(19) = 7.04, p < .001; 
avoidance vs. control: t(19) = 2.65, p = .016], whereas there were no significant differences in 
RTs between approach (M = 1026.86, SD = 154.32), avoidance (M = 1044.31, SD = 131.60), and 
control (M = 983.56, SD = 215.25) behaviors by outgroup hosts [approach vs. avoidance: t(19) = 
0.69, p = .500; approach vs. control: t(19) = 0.96, p = .340; avoidance vs. control: t(19) = 1.41, p 
= .180] (Figure 3.3b). 
Furthermore, direct comparisons of the ingroup vs. outgroup conditions for each type of 
behavior showed that RTs for the interest ratings for ingroup approach behavior were 
significantly slower than those for outgroup approach behavior [t(19) = 7.76, p < .001], whereas 
RTs for ingroup control behavior was significantly faster than those for outgroup control 
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behavior [t(19) = 2.15, p = .040]. There were no significant differences in RTs between ingroup 
and outgroup avoidance behaviors [t(19) = 0.21, p = .840]. Finally, a 2 (Handshake) × 2 (Host 
Race) ANOVA did not yield a significant interaction between Handshake × Host Race: F(1,19) 
= 0.01, p = .570, η2p = 0.001. Taken together, these behavioral findings partially confirm our first 
hypothesis and show that participants exhibited a bias toward their racial ingroup members in 
evaluating their behaviors in the context of business interactions, as reflected in faster/slower 
RTs for ingroup control/approach behaviors, respectively, compared to the corresponding 
outgroup conditions. 
 
Figure 3.3. Behavioral indices of the evaluation of ingroup and outgroup social encounters. (A) Participants’ 
ratings of competence and interest for approach, avoidance, and control nonverbal behaviors were overall similar 
across ingroup and outgroup social encounters. (B) Participants’ RTs for evaluating their interest in doing business 
were significantly faster/slower for ingroup control/approach behaviors, respectively, compared to the corresponding 
outgroup conditions. *p < .05, ***p < .001. 
 
fMRI Results (1): Observing Ingroup and Outgroup Dynamic Social Interactions and 
Handshakes Engages the Neural Networks Involved in Action Observation and Social 
Cognition 
Observing dynamic social interactions with ingroup and outgroup hosts, relative to the 
control condition, engaged a network of brain regions implicated in action observation and social 
cognition. First, a 3 (Behavior) × 2 (Host Race) ANOVA identified a set of regions showing a 
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main effect of Behavior. Post hoc analyses confirmed that the regions showing increased activity 
for observing dynamic social interactions than for a cardboard display of the host (i.e., approach 
and avoidance > control) consisted of the pSTS (bilaterally, with a rightward asymmetry, 
extending into the surrounding regions such as the superior/middle temporal gyrus and middle 
occipital gyrus/EBA), lateral PFC (bilaterally, covering both middle and inferior frontal gyri), 
left inferior parietal lobule, and posterior cingulate gyrus (see Figure 3.4 and Table 3.1). For the 
contrast approach > avoidance, no region was identified as showing increased activity for 
observing approach than avoidance behaviors at the corrected threshold. For the contrast 
avoidance > approach, a cluster in the right fusiform gyrus extending into the adjacent 
extrastriate cortex as well as the left fusiform gyrus showed higher activity for observing 
avoidance than approach behaviors (Table 3.1). 
Second, a 2 (Handshake) × 2 (Host Race) ANOVA identified regions showing a main 
effect of Handshake. Post hoc analyses confirmed that the right pSTS/EBA region showed 
increased activity for observing handshake than the absence of it. Interestingly, this right 
pSTS/EBA cluster overlapped substantially with that identified in the separate ANOVA as 
showing increased activity for observing dynamic social interactions than the control condition 
(Figure 3.4). No region was identified as showing a significant main effect of race. Taken 
together, these findings confirm our second hypothesis and show that observing dynamic social 
interactions and handshakes engages broader networks of regions previously implicated in action 
observation and social cognition, and replicate previous findings using a similar experimental 




Figure 3.4. Observing ingroup and outgroup dynamic social interactions and handshakes engages the neural 
networks involved in action observation and social cognition. Observing approach and avoidance compared to 
control behaviors was associated with increased activity in a network of brain regions previously implicated in action 
observation and social cognition, including the lateral PFC regions [e.g., middle/inferior frontal gyri (MFG/IFG)], 
insula, left inferior parietal lobule (not shown), and bilateral temporo-occipital regions covering broader areas 
including the pSTS and EBA. Interestingly, an independent ANOVA examining the effect of observing handshakes 
also identified the right pSTS/EBA area showing significant spatial overlap with this right temporo-occipital area. 
Activation maps identifying the regions showing the effect of observing approach/avoidance behaviors relative to 
control (gradient), and the right pSTS/EBA area also showing the effect of observing handshake (white), are overlaid 
on top of a high-resolution anatomical template image in the MNI space. 
 
fMRI Results (2): Greater mPFC Sensitivity to Observing Ingroup Social Encounters Linked 
to Positive Evaluations of Ingroup Approach Behavior 
The two ANOVA models discussed above also identified a set of regions showing 
differential activation to observing ingroup vs. outgroup social encounters, as revealed by 
significant interaction effects between Behavior/Handshake × Host Race. First, a significant 
Behavior × Host Race interaction was observed in the right mPFC (BA 9), ACC (BA 24/32), and 
right SFC (BA 6) (Table 3.2 and Figure 3.5a). Post hoc analyses of mean parameter estimates 
extracted from each significant cluster for each condition of interest revealed that the observed 
interaction effect was driven by the opposing patterns of activation in these regions for the 
ingroup vs. outgroup conditions. Regarding the mPFC cluster, the pattern of its activation for the 
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ingroup conditions mirrored the behavioral results discussed above, such that the mPFC 
activation was greatest for observing approach behavior and was significantly reduced for 
observing control behavior. The opposite pattern of activation was identified for observing 
outgroup behavior (Figure 3.5b). No region was identified as showing a significant main effect 
of race. Finally, an ANOVA with a covariate modeling RT for each condition also yielded 
similar results within the a priori ROI mask, and thus the observed results are not likely to reflect 
motor-related responses. 
Turning to the results of brain-behavior interaction analyses, a significant relation was 
identified between increased mPFC activity for observing ingroup approach relative to control 
behaviors and the interest ratings. Specifically, those participants who showed increased activity 
in the mPFC for ingroup approach than control behaviors also rated their interest in doing 
business with ingroup members displaying approach behavior more positively [r(18) = .552, p = 
.012] (Figure 3.6a). No significant covariation was identified between mPFC activity and RTs 
for the interest ratings. Additionally, no significant covariation was identified with activity in the 
ACC and right SFC clusters. Overall, these findings partially confirm our third hypothesis 






Figure 3.5.  Brain regions showing differential activations to observing ingroup vs. outgroup social encounters. 
(A) A significant 3 (Behavior) × 2 (Host Race) ANOVA interaction effect was identified in a set of regions, including 
the mPFC, ACC, and right SFC. (B) Mean parameter estimates extracted from the mPFC cluster showing a significant 
Behavior × Host Race interaction revealed that the effect was primarily driven by significantly decreased activity for 
observing ingroup control behavior compared to ingroup approach and outgroup control behaviors. These opposing 
patterns of activation linked to observing ingroup vs. outgroup social encounters were similarly observed for the ACC 
and SFC clusters. Error bars indicate the standard error of the mean for each condition. 
 
fMRI Results (3): Greater ACC-SFC Connectivity Linked to Processing of Control Behavior 
Displayed by Ingroup Hosts 
Following identification of the mPFC, ACC, and SFC regions showing differential 
activations to ingroup vs. outgroup social encounters, analyses of functional connectivity were 
performed as 3 (Behavior) × 2 (Host Race) ANOVAs using as seeds peak activity of these 
regions independently identified from the activation analyses. First, a main effect of Behavior 
was identified using the mPFC and ACC seeds. Regarding the mPFC, post hoc analyses revealed 
that this region showed increased connectivity with the left pSTS/EBA and SFC for observing 
dynamic than control behavior. Regarding the ACC, this region showed increased connectivity 
with bilateral pSTS areas and the right middle/inferior frontal gyrus for observing avoidance 
behavior than approach and control behaviors (see Supplementary Material part of Katsumi & 
Dolcos, 2018a). No region was identified as showing a significant main effect of race. Second, 
regarding the ACC seed, a significant interaction between Behavior × Host Race was identified 
in the right SFC (x = 24, y = -1, z = 52). Interestingly, this right SFC cluster partially overlapped 
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with the right SFC independently identified as showing a significant Behavior × Host Race 
interaction from the activation analyses (x = 20, y = 3, z = 55). Post hoc analyses showed that the 
ACC-SFC connectivity was significantly greater for observing ingroup control than ingroup 
approach and avoidance behaviors, whereas no difference was identified in the ACC-SFC 
connectivity within the outgroup conditions (Figure 3.6b). Taken together, these findings 
partially confirm our fourth hypothesis and show that neural ingroup bias linked to observing 
social encounters also manifest as reduced (and coordinated) activation in brain regions that may 
be involved in conscious regulatory processes. 
 
Figure 3.6. Neural ingroup bias as reflected in brain-behavior covariation and functional connectivity. (A) 
Brain-behavior interaction analyses identified a significant positive association between differential mPFC activity 
for ingroup approach vs. control behaviors (y-axis) and the interest ratings for ingroup approach behavior (x-axis). A 
similar but slightly weaker relationship was also identified by using the average of interest and competence ratings 
[r(18) = .496, p = .026]. (B) Analyses of whole-brain functional connectivity using as a seed the peak voxel (x = 0, y 
= 20, z = 21) of the ACC cluster shown in Figure 2.5a identified the right SFC region showing a significant Behavior 
× Host Race ANOVA interaction. Post hoc analyses revealed that the ACC-SFC connectivity significantly increased 
for observing ingroup control compared to ingroup approach [t(19) = 2.65, p = .020] and avoidance [t(19) = 2.84, p = 
.010] behaviors. In contrast, there was no difference in connectivity between the two regions for observing outgroup 
social encounters. Values on the y-axis represent the magnitude of correlation (Z-values) between activity in the ACC 
seed region and mean activity within the right SFC cluster calculated on the basis of trial-by-trial variability for each 
participant. Error bars indicate the standard error of the mean for each condition. 
 
fMRI Results (4): Greater pSTS Sensitivity to Observing Handshakes with Ingroup Members 
Finally, neural ingroup bias was also identified in the context of observing handshakes, as 
revealed by the right pSTS showing a significant Handshake × Host Race interaction. Post hoc 
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analyses revealed that the right pSTS showed increased activity to the presence of handshakes 
with ingroup members, whereas its response did not differentiate between the outgroup 
handshake vs. no-handshake conditions (Figure 3.7). These findings confirm and lend further 
support to our third hypothesis by showing that activity in the pSTS is sensitive to dynamic 
nonverbal behaviors displayed by ingroup members during social interaction, particularly when 
the behavior is expected as a common greeting behavior in one’s own culture (i.e., handshake). 
 
Figure 3.7. Greater pSTS sensitivity to observing handshakes with ingroup members. A significant 2 
(Handshake) × 2 (Host Race) ANOVA interaction was identified in a set of regions, including the right pSTS (left). 
Post hoc analyses of mean parameter estimates extracted from this right pSTS cluster revealed that this region showed 
greater activation for observing handshakes with ingroup hosts [t(19) = 3.00, p = .008], whereas its activity did not 
differentiate between the handshake and no-handshake conditions with outgroup hosts [t(19) = 1.20, p = .250] (right). 
Error bars indicate the standard error of the mean for each condition. 
 
Discussion 
Substantial changes in the racial/ethnic composition of the United States population 
emphasize the need to better understand the mechanisms involved in social interactions with 
racially ingroup and outgroup members. Extending the previous evidence in the literature, the 
present study identified findings that shed light on the neural correlates of racial ingroup bias 
linked to the observation of whole-body nonverbal behaviors in a defined social context. These 
findings will be discussed in turn below. 
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Positive Impact of Approach Behavior and Handshakes on Ratings of Social Encounters 
Decades of research on intergroup bias have demonstrated that preferential positivity 
toward one’s ingroup members forms the basis of intergroup cognition, and could manifest 
independently of outgroup hostility (Brewer, 1999; Dovidio & Gaertner, 2010). Available 
evidence suggests that the processing of ingroup members tends to occur more spontaneously 
and effortlessly than that of outgroup members (Adams et al., 2010; Bernstein et al., 2007). Such 
spontaneous categorization of ingroup vs. outgroup members may allow one to cultivate a sense 
of social belonging, which in turn promotes one’s chance of survival and leads to a positive self-
concept (Brewer, 1999; Tajfel & Turner, 1986). Based on these notions, we expected that 
participants would show bias toward their racial ingroup members in evaluating their behaviors 
in the context of business interactions, as possibly reflected in the ratings and/or RTs. 
Regarding the ratings of business competence and interest, the present study did not 
identify significant differences by racial group membership at a group level. One possibility is 
that explicit ratings of social encounters may not be influenced by whether or not such 
encounters involve racially ingroup or outgroup members. However, as discussed below, a 
significant relation was identified between the ratings of business interest with ingroup members 
and activity in a specific brain region previously implicated in neural ingroup bias (Molenberghs, 
2013). This suggests that ingroup bias in explicit ratings of nonverbal social encounters may be 
more likely to manifest as a function of individual variation in neural responses possibly linked 






Modulation of RT by Evaluating Different Social Encounters with Ingroup Hosts 
 Regarding RTs, the present study identified differences in RTs for evaluating social 
encounters with ingroup vs. outgroup members, which were driven by slower RTs for ingroup 
than outgroup approach behaviors, and faster RTs for ingroup than outgroup control behaviors. 
These findings are overall consistent with previous evidence for greater sensitivity to nonverbal 
cues displayed by ingroup members compared to those displayed by outgroup members (Adams 
et al., 2010; Elfenbein & Ambady, 2002), and this enhanced sensitivity might have resulted in 
greater differentiation in RTs between ingroup approach, avoidance, and control behaviors. More 
specifically, slower RTs for ingroup than outgroup approach behaviors may reflect greater 
interest in ingroup members conveying positive emotions. This is consistent with previous 
evidence showing that participants spent more time viewing pictures of racial ingroup than 
outgroup members displaying pleasant emotions, while they did not show such difference by 
group membership in viewing unpleasant pictures (Brown, Bradley, & Lang, 2006). In contrast, 
faster RTs for ingroup than outgroup control behaviors may reflect more spontaneous processing 
of ingroup members (Bernstein et al., 2007; Senholzi & Ito, 2013; Van Bavel et al., 2008). 
 
Observing Ingroup and Outgroup Dynamic Social Interactions and Handshakes Engages the 
Neural Networks Involved in Action Observation and Social Cognition 
 Replicating the previous findings (Dolcos, Sung, et al., 2012), observing dynamic social 
interactions engaged a broad network of regions associated with action observation and social 
cognition, including the lateral temporo-occipital regions (e.g., pSTS/EBA), lateral PFC, inferior 
parietal lobule, and posterior cingulate gyrus. Moreover, an independent analysis examining 
differential activation linked to observing handshakes also showed that a subregion of the larger 
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lateral temporo-occipital cluster showing increased activity for observing approach/avoidance 
behaviors also showed greater activity for observing handshakes. This region, broadly 
encompassing BAs 19 and 37, shows significant spatial overlap with regions previously 
identified as likely showing activations in studies of “action observation” (Yarkoni, Poldrack, 
Nichols, Van Essen, & Wager, 2011), and also in processing dynamic emotional bodily 
expressions (Peelen, Atkinson, Andersson, & Vuilleumier, 2007). Taken together, the present 
findings suggest that the right pSTS/EBA and its surrounding regions may be generally involved 
in processing of dynamic nonverbal bodily signals, including greeting behaviors preceding social 
interaction in a business context. 
Regarding differential activations in observing approach and avoidance behaviors, 
increased activity for observing avoidance than approach behaviors was identified in some 
occipital regions (fusiform gyrus, extrastriate cortex, cuneus). This is consistent with the 
previous findings identifying similarly increased activity in the cuneus for avoidance than 
approach behaviors (Dolcos, Sung, et al., 2012). However, unlike the Dolcos et al. (2012) study, 
the present study did not identify regions (e.g., pSTS) showing increased activity for observing 
approach than avoidance behaviors. This may be related to differences in the experimental 
paradigms between the two studies, including host characteristics (i.e., race, gender) as well as 
the number of trials, that might have affected the overall salience of nonverbal behaviors 






Greater mPFC Sensitivity to Observing Ingroup Social Encounters Linked to Positive 
Evaluations of Ingroup Approach Behavior 
Extending prior evidence for the neural correlates of ingroup vs. outgroup processing, the 
present study identified an area in the mPFC showing opposing patterns of activation linked to 
observing social encounters with ingroup vs. outgroup members. Several studies have 
demonstrated that the mPFC shows increased activity when processing information about 
ingroup than outgroup members, thus linking this region to neural ingroup bias in various social 
contexts (Cunningham & Van Bavel, 2009; Freeman et al., 2010; Molenberghs & Morrison, 
2014; Morrison et al., 2012). In the present study, the interaction concerning the mPFC was 
driven particularly by its decreased activity for observing ingroup control behavior, which was 
significantly increased for ingroup approach and outgroup control behaviors. One possible 
explanation for this finding is that mPFC activation reflects a degree of elaborate evaluative 
processes engaged while observing social encounters with ingroup and outgroup members. 
Although the mPFC is one of the major nodes part of the default network that typically 
shows deactivation during cognitively effortful tasks, significant activation of this region has 
been consistently reported in relation to self-referential processing (Gusnard, Akbudak, Shulman, 
& Raichle, 2001), inference of others’ mental states (i.e., mentalization; Amodio & Frith, 2006), 
and integration of social knowledge (Van Overwalle, 2009). As discussed above, given that 
processing of ingroup members may be relatively more spontaneous in general, it is possible that 
evaluations of ingroup control behavior required least mentalization, and hence was associated 
with decreased activity in the mPFC. This is also consistent with our findings regarding 
increased functional connectivity between mPFC and pSTS/EBA for observing approach and 
avoidance than control behaviors at a general level, possibly suggesting reduced interaction 
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between regions involved in action understanding and mentalization when observing control 
behavior. 
Ingroup approach behavior, however, may be of particular significance and interest in the 
context of observing social encounters (Brewer, 1999; Tajfel & Turner, 1986). Processing of 
ingroup approach behavior may therefore involve enhanced integration of self-knowledge with 
social judgments and goals, possibly resulting in more positive evaluations of approach behavior. 
This interpretation is consistent with our behavioral results identifying slowest RTs for 
evaluating ingroup approach behavior, and also with previous evidence identifying a similar 
anterior mPFC region showing greater activity for ingroup than outgroup members in the context 
of individuated (vs. superficial) judgments (Freeman et al., 2010). Additionally, observation of 
outgroup control behavior may also require greater engagement of mentalization and evaluative 
processes, possibly due to unfamiliarity or uncertainty associated with encounters with outgroup 
members (Brewer, 1999). This may have resulted in increased mPFC activity along with slower 
RTs in evaluating outgroup compared to ingroup control behavior. 
Alternatively, it is also possible that these effects, especially linked to the observation of 
ingroup approach behavior, may partially reflect the processing of more basic (nonsocial) 
emotional stimuli. For instance, previous studies have identified greater mPFC activity linked to 
the processing of appetitive/positive vs. aversive/negative stimuli (Lang & Bradley, 2010; 
Wager, Phan, Liberzon, & Taylor, 2003), consistent with the idea that this region is part of the 
mesocorticolimbic reward circuit in the brain (Tzschentke, 2000). Therefore, it is possible that 
greater mPFC activity associated with observing Caucasian approach behavior is not unique to 
the processing of ingroup stimuli per se, but in part reflects responses linked to the processing of 
general positive stimuli in the current task context. This idea may also explain previous evidence 
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identifying the so-called “outgroup favoritism,” in which individuals belonging to socially 
disadvantaged groups (e.g., African-American) showed implicit preference toward their outgroup 
members (e.g., Caucasian), by unconsciously endorsing social stereotypes about their ingroup 
(Ashburn-Nardo & Johnson, 2008; Dasgupta, 2004; see also Jost & Banaji, 1994). Given that the 
current sample only consisted of Caucasian individuals, future studies should examine racially 
diverse subject samples to clarify this aspect further. 
Taken together, the present findings regarding the mPFC confirm the role of this region 
in preferentially processing information about ingroup members (or general positive stimuli in 
the present task context), and further suggest that its response may uniquely scale with the degree 
of elaborate evaluative processes engaged during observation of social encounters with ingroup 
members/Caucasian stimuli. 
 
Greater ACC-SFC Connectivity Linked to Processing of Control Behavior Displayed by 
Ingroup Hosts 
In the context of processing ingroup vs. outgroup members, the involvement of the ACC 
and SFC (e.g., dlPFC) has been primarily linked to deliberate regulation of automatic biases 
associated with racial outgroups (Bartholow & Henry, 2010). Based on the previous evidence, 
one possible explanation for the present finding is that activity in the ACC and SFC reflects the 
degree of cognitive control and regulatory processes engaged during observation of social 
encounters. In this context, engagement of these regions may be assumed minimal while 
observing ingroup control behavior, which may be processed most spontaneously among all the 
conditions. This interpretation is further supported by the results of our functional connectivity 
analyses, demonstrating greater functional connectivity between the ACC and SFC areas during 
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observation of ingroup control compared to approach/avoidance behaviors. Interestingly, the 
ACC-SFC functional connectivity was not modulated by the type of social encounters with 
outgroup members. This suggests that the present findings regarding functional connectivity 
between the ACC and SFC can be better explained as a form of ingroup bias as opposed to 
outgroup bias. 
Taken together, the present findings suggest that coordinated yet decreased activity in the 
ACC and SFC may reflect reduced monitoring and/or regulatory processes during observation of 
ingroup control behavior. Such mechanisms may allow adaptive reallocation of resources for 
processing other stimuli that may require top-down control-related processes for further 
evaluations. This interpretation is consistent with the present findings identifying increased 
functional connectivity at a general level between the ACC and regions including bilateral pSTS 
for observing avoidance than approach and control behaviors, possibly suggesting greater 
engagement of action monitoring when observing and evaluating the hosts displaying avoidance 
behavior. 
 
Greater pSTS Sensitivity to Observing Handshakes with Ingroup Members 
Finally, the right pSTS region showing sensitivity to the presence of handshakes, 
specifically with ingroup members, is consistent with previous evidence linking similar brain 
regions to mentalization and reorientation of attention to salient stimuli (Decety & Lamm, 2007; 
Freeman et al., 2010; Van Overwalle, 2009), along with enhanced decoding of ingroup 
nonverbal behaviors (Adams et al., 2010). Therefore, one possibility is that increased activity in 
the right pSTS region linked to observing ingroup handshakes reflects greater mentalizing and 
attentional processing, possibly due to enhanced social and motivational significance associated 
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with handshakes with racially ingroup members. Handshaking is a form of greeting behavior 
commonly practiced in Western cultures (Singh et al., 1998), which may influence impression 
formation and evaluative processes in the context of social encounters particularly among 
Caucasian individuals. Overall, our findings expand the current evidence regarding the 
involvement of the pSTS in social cognition, including its sensitivity to ingroup membership, 
and suggest that this region shows preferential activation for observing a culturally familiar 
greeting behavior with ingroup members. 
Interestingly, overall the present study identified no significant main effect of race across 
analyses. This is consistent with evidence from a recent study examining the role of racial group 
membership in the perception and categorization of affective body postures (Watson & de 
Gelder, 2017). Specifically, the authors found that modulation of neural responses by race mostly 
emerged as an interaction of race and valence, such that outgroup effects were overall driven by 
positive emotions, whereas ingroup effects were driven more by negative emotions (Watson & 
de Gelder, 2017). These findings, together with the fact that no main effect of race was identified 
in the present study, point to the importance of considering the valence of nonverbal behaviors 
when examining the role of racial group membership in the context of social encounters. 
 
Limitations 
The following limitations of the present study should be acknowledged. First, the present 
study did not explicitly focus on the impact of specific outgroup races (e.g., European–
Americans vs. African-Americans), as commonly examined in previous studies of the neural 
correlates of race processing (Kubota et al., 2012). Because the present goal was to identify 
possible biases linked to general ingroup vs. outgroup differences, we employed stimuli that 
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reflect the overall racial diversity of the local population. As a result, differences in the 
proportions of various racial groups made it difficult to obtain similar statistical power across 
different trials, based on host race. Nevertheless, the present study provides important initial 
evidence that will allow identification of potential biases in dynamic social interactions 
associated with specific races (Gutsell & Inzlicht, 2010), in future studies. 
Second, similar to previous fMRI studies of social interaction (e.g., Pitskel et al., 2011; 
Schilbach et al., 2006; Zucker et al., 2011), the present study utilized the animated stimuli which 
enabled manipulations of whole-body nonverbal behaviors with a high degree of experimental 
control. However, it is possible that movies illustrating social encounters with real people may be 
associated with greater salience of group membership as well as greater social relevance for 
participants (de Borst & de Gelder, 2015). Therefore, future studies examining the neural 
correlates of ingroup bias in social evaluations may benefit from using such stimuli depicting 
social interactions between real humans (Huis in ‘t Veld & de Gelder, 2015; Van den Stock, 
Hortensius, et al., 2015). Additionally, future studies may also benefit from the inclusion of 
dynamic “neutral” nonverbal behavior conditions (Kret, Denollet, Grezes, & de Gelder, 2011) or 
an alternative control condition involving non-responsive characters rather than cardboard 
cutouts. The control/no social interaction condition in the present study was justified by the fact 
that it simulates real-life contexts in which the human presence is replaced by similar cardboard 
images (e.g., of popular people or an organization’s employees), such as those posted in stores or 
banks. However, alternative neutral/control conditions as mentioned above may allow for 
identification of neural activity associated with observing approach and avoidance behaviors at a 
finer level, and of the role of racial group membership in these mechanisms. 
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Third, while the focus of the present study was on social encounters in a business context, 
the role of different types of social contexts remains unclear. Previous studies have shown that 
categorization of individuals from different racial groups can be affected by the social context in 
which their faces are processed (Freeman, Ma, Barth, et al., 2013; Freeman, Ma, Han, & 
Ambady, 2013). Moreover, there is also evidence showing that categorization of emotional 
bodily expression was facilitated when its valence was congruent with that of the background 
social scene (Kret & de Gelder, 2010). These findings suggest that the categorization and 
evaluation of ingroup vs. outgroup members may be differentially influenced by whole-body 
nonverbal behaviors depending on the specific context (e.g., formal/professional vs. 
informal/casual). The role of different social contexts should be explored further in future studies 
of nonverbal evaluations. 
Finally, although the interpretation of the observed effects regarding ACC-SFC 
connectivity as reflecting control-related processes is consistent with the role of these regions 
identified previously, the extent to which such processes were actually engaged during the 
present task remains unclear. Therefore, it would be important in future studies to clarify this by 
using experimental tasks that demand more clearly control-related processes in a defined social 
context. For instance, a task that involves both components of intra-/intergroup social evaluation 
and cognitive control (e.g., emotion regulation, working memory) may be informative in better 








Despite these limitations, the present investigation makes novel contributions to the 
literatures on the neural correlates of intergroup processes and nonverbal perception. By using an 
experimental paradigm involving observation of whole-body ingroup vs. outgroup social 
encounters in a defined context, the present study sheds light on how ingroup bias manifests both 
at the level of behavioral and neural responses. Evidence provided by behavioral assessments 
reveals ingroup bias as reflected in faster/slower RTs when evaluating ingroup control/approach 
behaviors, respectively. Mirroring these behavioral results, fMRI results identified ingroup 
biases in observing different types of social encounters, which were reflected in differential 
responses in the mPFC, ACC, SFC, and pSTS. Activity in the mPFC and pSTS possibly reflects 
greater mentalization associated with the processing of approach behavior and handshakes, 
respectively, whereas greater functional connectivity between ACC and SFC suggests possibly 
more spontaneous processing of ingroup members’ control display of nonverbal behavior. These 
findings advance our understanding of the mechanisms associated with the processing of racial 
group membership in the context of nonverbal social encounters, and have implications for 










Table 3.1. Brain regions showing the main effects of Behavior and Handshake in observing ingroup and 
outgroup social encounters. The table identifies a network of brain regions showing main effects of behavior and 
handshake, as revealed by a 3 (Behavior) × 2 (Host Race) ANOVA and a 2 (Handshake) × 2 (Host Race) ANOVA, 
respectively. These F-contrast maps were used to inclusively mask the corresponding T-contrast maps to further 
identify the directionality of BOLD activation. All clusters reported in this table meet the significance threshold based 
on a Monte Carlo simulation, corrected for multiple comparisons at p < .05. BA, Brodmann’s area; L, left; R, right. 
                    
Brain Region Side BA 
Talairach peak coordinates 
t Voxels 
Volume 
(mm3) x y z 
(A) Approach & Avoidance > Control      
Lateral frontal cortex         
 Inferior frontal gyrus L 47 -28 23 -8 5.88 21 1344 
 Insula L 13 -32 19 -1 5.70   
 Middle frontal gyrus R 6 36 3 55 5.86 184 11776 
 Middle frontal gyrus R 46 51 28 21 4.49   
 Inferior frontal gyrus R 44 40 9 25 5.15   
 Inferior frontal gyrus R 47 32 23 -5 8.11 24 1536           
Parietal cortex         
 Superior parietal lobule L 7 -32 -44 61 3.01 15 960 
 Inferior parietal lobule L 40 -36 -40 46 3.39   
 Cingulate gyrus R 23 0 -14 30 6.07 17 1088           
Lateral temporal/occipital cortex        
 Superior temporal gyrus L 22 -40 -54 14 4.98 150 9600 
 Middle temporal gyrus L 39 -55 -66 11 8.70   
 Middle occipital gyrus L 19 -48 -77 8 10.10   
 Middle occipital gyrus L 18 -28 -97 1 5.08   
 Middle temporal gyrus R 39 51 -66 11 12.11 377 24128 
 Middle temporal gyrus R 21 59 -46 10 8.68   
 Inferior parietal lobule R 40 63 -38 24 6.14             
(B) Control > Approach & Avoidance       
Frontal cortex         
 Middle frontal gyrus L 8 -24 29 39 6.00 76 4864 
Occipital cortex         
 Lingual gyrus L 18 -24 -78 -6 7.79 40 2560           
(C) Approach > Avoidance         
 No suprathreshold voxels were identified.                
(D) Avoidance > Approach         
Occipital cortex         
 Fusiform gyrus L 37 -28 -47 -8 4.69 19 1216 
 Fusiform gyrus L 19 -32 -66 -7 3.06   
 Parahippocampal gyrus R 19 28 -51 -4 8.95 17 1088 
 Fusiform gyrus R 37 32 -43 -5 7.83   
 Lingual gyrus R 18 24 -74 -3 5.92 15 960 
          
(E) Handshake > No-handshake        
Lateral temporal/occipital cortex        
 Middle temporal gyrus R 37 55 -62 7 5.43 96 6144 
 Middle occipital gyrus R 19 51 -70 -3 3.66             
(F) No-handshake > Handshake        
 No suprathreshold voxels were identified.      
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Table 3.2. Brain regions showing significant interaction effects of behavior/handshake and host race linked to 
observation of social encounters with ingroup and outgroup hosts. 
The table identifies brain regions showing the significant interaction effect of behavior and host race as revealed by a 
3 (Behavior) × 2 (Host Race) ANOVA and, that of handshake and host race as revealed by a 2 (Handshake) × 2 (Host 
Race) ANOVA. All clusters reported in this table meet the significance threshold determined by a Monte Carlo 
simulation, corrected for multiple comparisons at p < .05. BA, Brodmann’s area; L, left; R, right. 
                    
Brain Region Side BA 
Talairach peak 
coordinates F Voxels 
Volume 
(mm3) 
x y z 
(A) Behavior × Host Race interaction       
Frontal cortex         
 Superior frontal gyrus R 6 20 3 55 7.31 31 1984 
 Superior frontal gyrus R 8 24 22 50 9.04   
 Medial frontal gyrus R 9 4 51 20 9.30 22 1408 
 Cingulate gyrus L/R 24 0 20 21 12.98 50 3200 
 Cingulate gyrus L 32 -12 21 28 12.23   
          
(B) Handshake × Host Race interaction         
Lateral temporal/occipital cortex         
 Superior/middle temporal gyrus R 39 40 -57 25 17.40 18 1152 
                    














CHAPTER 4: ELECTROPHYSIOLOGICAL CORRELATES OF OBSERVING 




Information conveyed by a variety of nonverbal behaviors (e.g., body language) plays a 
pivotal role in making inferences about others’ mental states during social interactions (Dolcos, 
Sung, et al., 2012; Hari & Kujala, 2009; Murphy, 2012). Perception and recognition of nonverbal 
social cues, however, are not determined solely by the perceiver’s familiarity with such cues 
themselves, but are oftentimes influenced by the context in which they are embedded and 
processed by the perceiver (Kret & de Gelder, 2010). For instance, available evidence suggests 
that nonverbal behaviors can be differentially processed depending on whether or not they are 
displayed by those who belong to the same social group as the perceiver (i.e., ingroup vs. 
outgroup). Nonverbal behaviors displayed by ingroup members tend to be decoded with higher 
accuracy compared to those displayed by outgroup members (Adams et al., 2010; Elfenbein & 
Ambady, 2002), suggesting that ingroup nonverbal behaviors are associated with increased 
familiarity and reduced uncertainty (Dovidio & Gluszek, 2012). 
Despite recent evidence identifying the neural correlates of processing ingroup and 
outgroup information in a wide variety of tasks (for reviews, see Amodio, 2014; Amodio, 
Bartholow, & Ito, 2014; Cikara & Van Bavel, 2014; Kubota et al., 2012; Molenberghs, 2013), 
little is known about the neural mechanisms associated with observing different kinds of 
nonverbal behaviors displayed by ingroup vs. outgroup members in a defined social context. 
                                                 
5 A version of this chapter is currently under review for publication as: Katsumi, Y., Dolcos, F., Moore, M., 
Bartholow, B., Fabiani, M., & Dolcos, S. Electrophysiological Correlates of Racial Ingroup Bias  




Furthermore, although human social cognition is thought to involve a set of complex processes 
that gradually unfold over time (Adolphs, 2001), available evidence suggests that forming 
impressions of other individuals can happen very quickly, within hundreds of milliseconds 
(Bartholow, Fabiani, Gratton, & Bettencourt, 2001; Willis & Todorov, 2006). Categorization of 
others into one’s ingroups vs. outgroups is also known to happen very quickly (Zarate & Smith, 
1990) and effortlessly (Fiske, 1993). Therefore, brain imaging techniques with high temporal 
resolution, such as electroencephalography (EEG) and event-related potentials (ERPs), would be 
particularly helpful in clarifying the temporal dynamics of neural responses associated with the 
effect of group membership on nonverbal perception and evaluation. Using a novel experimental 
paradigm closely mimicking the observation of people’s social encounters in real-life situations 
(Dolcos, Sung, et al., 2012; Katsumi & Dolcos, 2018a; Katsumi et al., 2017), the present study 
examined the electrophysiological correlates of observing and evaluating nonverbal social 
encounters in a business setting. 
Available evidence identifies the role of several ERP components in social cognitive 
processes in different task contexts, some of which also appear to show modulations by ingroup 
vs. outgroup information (e.g., Amodio et al., 2014; Amoruso et al., 2013; Hehman, Volpert, & 
Simons, 2014; Ito & Bartholow, 2009). In earlier time windows, ERP components such as 
P200/N200, which are generally implicated in attentional deployment (Luck & Hillyard, 1994), 
have been associated with early perception and categorization of group membership (Amodio, 
2010; Correll, Urland, & Ito, 2006; Dickter & Bartholow, 2007; Dickter & Kittel, 2012; Ito & 
Tomelleri, 2017; Ito & Urland, 2003, 2005; Kubota & Ito, 2007, 2017; Senholzi & Ito, 2013; 
Willadsen-Jensen & Ito, 2006; Willadsen-Jensen & Ito, 2015). In one study, greater N200 
responses to ingroup than to outgroup faces were also associated with reaction time (RT) 
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differences in categorizing these stimuli, thus suggesting a link between this ERP component and 
facilitated attention to ingroup members (Dickter & Bartholow, 2007). In slightly later time 
windows, ERPs such as the N400/450 have been associated with the observation of actions, 
particularly reflecting the extent to which certain actions are expected vs. unexpected in a given 
(social) context (Amoruso et al., 2013). Modulation of N400/450 amplitudes in the context of 
action processing might indicate difficulty in understanding others’ behavior or in integrating the 
incoming social information with previous knowledge (Proverbio & Riva, 2009). Moreover, 
N400 has also been linked to stereotype accessibility, with larger responses typically being 
elicited by associations of certain groups and characteristics that are incongruent with the 
perceiver’s expectations (Hehman et al., 2014). In even later time windows, ERPs including the 
late positivity (LP) have been associated with processing of social information such as biological 
motion (Muñoz & Martín-Loeches, 2015; Orlandi, Zani, & Proverbio, 2017; Proverbio, Crotti, 
Manfredi, Adorni, & Zani, 2012; Proverbio, Ornaghi, & Gabaro, 2018; Proverbio, Riva, & Zani, 
2009), as well as with emotion processing6 (Dolcos & Cabeza, 2002; Schupp et al., 2000). Larger 
LP responses were identified during the viewing of dynamic compared to static actions in 
pictorial stimuli, possibly reflecting an increased effort to process visual kinematic information 
(Proverbio et al., 2009). The authors subsequently showed that the amplitude of LP was 
associated with the amount of information conveyed by videos depicting human bodily 
movements, thus suggesting the role of this ERP component in higher-order integration of such 
information (Orlandi et al., 2017). In addition, other studies have also demonstrated a link 
                                                 
6 It is important to note that, in the domain of emotion processing, this ERP component is commonly referred to as 
the late positive potential (LPP), which has been associated with processing of motivationally significant stimuli 
such as emotionally arousing pictures (Cuthbert, Schupp, Bradley, Birbaumer, & Lang, 2000; Dolcos & Cabeza, 
2002; Hajcak, MacNamara, & Olvet, 2010; Schupp et al., 2000). However, to keep consistency with previous 
studies examining social cognition (e.g., the Proverbio studies cited above), we will refer to this ERP component as 
the late positivity (LP) in this report. 
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between LP responses and the violation of expectancy in social contexts (Bartholow et al., 2001; 
Bartholow, Pearson, Gratton, & Fabiani, 2003; Osterhout, Bersick, & Mclaughlin, 1997; Van 
Duynslaeger, Van Overwalle, & Verstraeten, 2007). 
Aside from ERPs, recent EEG studies of social cognition also have begun to examine 
event-related changes in oscillatory dynamics in a variety of tasks (e.g., Quandt & Marshall, 
2014; Rossi, Parada, Kolchinsky, & Puce, 2014; van Noordt, White, Wu, Mayes, & Crowley, 
2015). The ERP approach provides important information about the time course of neural 
responses related to particular events of interest. However, ERPs as a result of averaging over a 
larger number of trials only reflect phase-locked activity and do not usually represent changes in 
oscillatory EEG activity that are event-related yet non-phase-locked (Bastiaansen, Mazaheri, & 
Jensen, 2012). A common technique to examine EEG activity in both time and frequency 
domains is the event-related spectral perturbation (ERSP; Makeig, Debener, Onton, & Delorme, 
2004), which reflects changes in mean power across the EEG frequency spectra relative to 
baseline that are associated with stimulus presentation or response execution. Power changes in 
different EEG frequency bands have been described in numerous tasks and conditions, including 
those related to various social cognitive processes. For instance, modulations of oscillatory EEG 
activity in the alpha (mu) and beta ranges have been associated with processing of biological 
motion (Järveläinen, Schürmann, & Hari, 2004; Oberman, Pineda, & Ramachandran, 2007; 
Zarka et al., 2014), social interactions with virtual characters (Knyazev, Slobodskoj-Plusnin, 
Bocharov, & Pylkova, 2013), discrimination of emotional expressions and familiarity in faces 
(Güntekin & Basar, 2007), as well as with observation of actions performed by racial ingroup vs. 
outgroup members (Gutsell & Inzlicht, 2010). 
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Several issues remain unclear regarding the role of group membership in the neural 
correlates of nonverbal perception and impression formation. First, much of the prior work 
examining the neural correlates of ingroup/outgroup processing has largely used static pictures 
depicting faces in isolation, particularly in the context of social categorization. In real-life 
situations, however, inference of others’ mental states is oftentimes based on more 
comprehensive evaluations of nonverbal behaviors through both facial and bodily expressions 
(Dolcos, Sung, et al., 2012; Katsumi et al., 2017; Van den Stock, Hortensius, et al., 2015). 
Second, although a few previous studies have identified dissociable neural responses associated 
with observing dynamic gestures displayed by ingroup vs. outgroup members (e.g., Gutsell & 
Inzlicht, 2010), these studies often lacked a well-defined social context in which these cues were 
embedded and processed by the perceiver. Clarification of these issues is important to reach a 
better understanding of the neural correlates of ingroup vs. outgroup processing with increased 
ecological validity.  
Using fMRI, Chapter 3 examined the neural mechanisms associated with the role of 
racial group membership in observing and evaluating nonverbal social encounters (Katsumi & 
Dolcos, 2018a). Specifically, we found that observing racial ingroup members displaying 
dynamic body language indicating positive intentions (i.e., “approach behavior”) was associated 
with increased activity in the medial prefrontal cortex (mPFC), which in turn was associated with 
the more positive evaluations of ingroup approach behavior (Katsumi & Dolcos, 2018a). 
Moreover, compared to outgroup approach behavior, evaluating ingroup approach behavior was 
also associated with longer RTs, possibly suggesting increased attention and interest devoted to 
processing such information (Brown et al., 2006; Im et al., 2017). However, due to the sluggish 
temporal resolution of hemodynamic responses, it remains unclear how fast the neural responses 
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associated with such ingroup bias might be detectable during the observation and social 
encounters, and how they might influence subsequent evaluations of such encounters. To address 
this issue, the current study utilized EEG/ERP techniques to clarify the neural mechanisms 
associated with observing social encounters with racial ingroup and outgroup avatar characters 
displaying different types of whole-body nonverbal behaviors. By capitalizing on brain imaging 
tools with high temporal resolution, the present study sought to characterize neural indices of 
complex social-cognitive processes as they unfold over time while perceivers view social 
encounters. 
Based on the extant literature and previous studies using similar experimental paradigms 
(Dolcos, Sung, et al., 2012; Katsumi & Dolcos, 2018a; Katsumi et al., 2017), we tested the 
following hypotheses. First, regarding the behavioral effects, (1) we expected to replicate the 
positive impact of approach behavior on the evaluation of social encounters (Dolcos, Sung, et al., 
2012; Katsumi et al., 2017), as well as the ingroup bias as indexed by differences in RTs linked 
to the evaluation of social encounters involving ingroup members displaying approach behavior 
(Katsumi & Dolcos, 2018a). Regarding the ERP effects, (2) we expected to observe modulations 
of ERP components linked to earlier attentional and/or later evaluative processes, such as N200, 
N400/450, and LP (Amoruso et al., 2013; Hehman et al., 2014; Ito & Bartholow, 2009; 
Proverbio et al., 2009), at the onset of different events during social encounters. In particular, 
given available evidence identifying modulations of N200 and N400/450 in the context of social 
categorization (Dickter & Bartholow, 2007; Hehman et al., 2014), we expected that modulations 
of these ERP components would be observed at the beginning of social encounters. Moreover, 
given the sensitivity of LP to dynamic vs. static actions (Orlandi et al., 2017; Proverbio et al., 
2009), modulation of the LP effect was expected at the onset of more elaborated nonverbal cues 
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displayed during social encounters. In addition, we also explored the possibility that (3) 
oscillatory EEG activity would be modulated by the observation of social encounters involving 
different types of behavior, particularly within the alpha and beta ranges previously linked to 
action observation (Gutsell & Inzlicht, 2010; Järveläinen et al., 2004; Oberman et al., 2007; 
Zarka et al., 2014). Finally, we also explored the possibility that (4) behavioral ingroup bias 
would modulate ERP/ERSP responses linked to observing different events within social 
encounters. Specifically, participants who exhibit stronger ingroup bias behaviorally might also 
show greater differentiation between ingroup vs. outgroup processing at the neural level, as 
previously reported (Gutsell & Inzlicht, 2010; Ito, Thompson, & Cacioppo, 2004; Molenberghs, 




 Forty-seven young adults (Mage = 20.93, SDage = 3.69; 24 females) participated in the 
study. Sample size was determined using an independent sample based on a desired power of 0.8 
and alpha of .05 to ensure sufficient statistical power for analyses of basic effects as well as those 
of participant subgroups (see also Katsumi et al., 2017). All participants were native English 
speakers, identified their race as Caucasian/White, and had no history of neurological or 
psychiatric disorders. The experimental protocol was approved by the University of Illinois 
Institutional Review Board, and all participants provided written informed consent and received 
either course credit or payment for their participation. Data from five participants (three females, 
two males) were excluded due to technical issues related to EEG and/or behavioral data 




 Stimuli in this study were identical to those used in the previous investigations employing 
similar experimental paradigms (Katsumi & Dolcos, 2018a; Katsumi et al., 2017), which were 
generated in Poser 7.0 (http://poser.smithmicro.com/poser.html) and presented using the CIGAL 
software (Voyvodic, 1999). The task consisted of a series of 10-s whole-body animated movies 
illustrating nonverbal guest–host interactions in a business setting (Figure 4.1). Participants 
viewed the guest being greeted by a host (Social Interaction condition) or a cardboard cut-out of 
a host (Control/No Social Interaction condition). In the social interaction condition, the host 
displayed nonverbal behaviors that either encouraged (Approach condition) or discouraged 
(Avoidance condition) further social interactions. Specifically, the hosts in the Approach 
condition stepped toward the guests while displaying open postures and smiling faces, whereas 
the hosts in the Avoidance condition stepped away from the guests while displaying closed 
postures and frowning faces (Sung et al., 2011). Within each condition, in half of the trials, 
social interaction was preceded by a handshake initiated by the host as part of the greeting 
protocol, and the order of trials with and without a handshake was counterbalanced across 
participants. The manipulation of handshake was only included to maintain consistency with 
prior studies and hence will not be the focus of this report. In the Control/No Social Interaction 
condition, the host was depicted on a cardboard cutout, thus mimicking real-life contexts in 
which the human presence is replaced by similar cardboard images (e.g., of popular people or an 
organization’s employees, such as those posted in stores or banks). It should be noted that there 
were no overall differences in the objective motion between the social interaction and control 
condition movies, nor within the dynamic (Approach vs. Avoidance) conditions. This was due to 
the fact that movies in the Control/No Social Interaction condition involved increased panning, 
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which seemingly contributed to changes in luminance as much as biological motion observed in 
the dynamic conditions (see also Dolcos, Sung, et al., 2012). 
 
Figure 4.1. Diagram of the task. EEG data were recorded while participants viewed movies of guest–host 
interactions, in which hosts displayed dynamic nonverbal behaviors that either encourage (Approach: open posture, 
smiling face; top row) or discourage (Avoidance: closed posture, frowning face; middle row) further social interaction. 
A Control/No Social Interaction condition, in which the host characters were replaced with a cardboard cutout 
depicting their whole body, was also included (bottom row). All trials were followed by participants’ ratings of the 
host characters on competence as business representatives, and their own interest in doing business with them. Time 
(in milliseconds) denoted in parentheses above specifies the onset of each event relative to that of each movie.  
 
Host race was manipulated following previous studies using similar procedures (Krämer 
et al., 2013; Stepanova & Strube, 2009), by applying unique facial characteristics and skin tones 
representing particular racial groups. Ingroup hosts represented Caucasian individuals, whereas 
outgroup hosts represented three non-Caucasian racial/ethnic groups: East Asian, South Asian, 
and African-American, in proportions similar to the representation of these racial/ethnic groups 
in the local student population (i.e., 50% Caucasian, 18.75% East Asian, 18.75% South Asian, 
12.5% African–American). Host race was validated by an independent sample of participants (N 
= 115), who rated the host’s race in each movie using 10-point scales (1 = Definitely not 
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Caucasian, 10 = Definitely Caucasian). These participants provided their ratings of host race 
after they had completed the main evaluation task, in order to avoid task contamination. Results 
of this validation showed that ingroup/Caucasian stimuli were significantly more likely to be 
perceived as Caucasian (M = 8.51, SD = 1.13) compared to outgroup/non-Caucasian stimuli (M = 
3.10, SD = 1.25) (p < .001), thus confirming our successful manipulation of hosts’ race. 
Ingroup and outgroup hosts consisted of equal proportions of female and male characters. 
Guest gender was also manipulated to have equal proportions of female and male characters, 
which also allows manipulation of perspective taking in observing social encounters (Dolcos, 
Sung, et al., 2012). This manipulation was also not the focus of the present investigation, and 
thus all analyses reported herein were performed without considering this manipulation. Each 
movie was followed by rating screens, which prompted participants to provide the following 
ratings, using 5-point scales (1 = Not at all, 5 = Very high): business competence of the host 
(“Competence”) and their own interest in doing business with the host (“Interest in doing 
business”). Each rating screen was displayed for 2 s, and the order of the ratings was 
counterbalanced across trials. Both the ratings and the associated RTs were recorded. 
 
Procedure 
Upon providing written informed consent, participants were seated in front of a standard 
LCD monitor where all stimuli were presented during the task. Participants were told that the 
study examined the effect of first impressions formed in brief social interactions on the 
subsequent decision to further engage in business relations. Participants were instructed to use 
the whole rating scale and to give their ratings based on the observed social encounters, as well 
as to make their responses as quickly and accurately as possible using a computer keyboard. 
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Participants completed eight runs of 20 trials each for a total of 160 trials, and were assigned 
different run orders. Following our previous investigations (Katsumi & Dolcos, 2018a; Katsumi 
et al., 2017), there were 128 trials in Approach and Avoidance conditions (64 in each) and 32 in 
Control condition, consisting of equal numbers of ingroup and outgroup trials. The trials within 
each run were pseudo-randomized, so that no more than three trials of the same kind were 
presented consecutively. 
 
Behavioral Data Analysis 
Behavioral ratings and RTs were analyzed by a series of repeated-measures ANOVA 
using the following variables as factors: Behavior (Approach, Avoidance, Control) and Host 
Race (Ingroup, Outgroup).   
 
EEG Data Acquisition, Preprocessing, and Analysis 
 EEG data were recorded for the entire duration of the task at a sampling rate of 2048 Hz 
using a 64-channel electrode cap, as well as three electrooculogram (EOG) electrodes, with a 
BioSemi ActiveTwo system and the ActiView software (BioSemi BV, Amsterdam, 
Netherlands). EOG channels were located at the outer canthi of the left and right eyes, and below 
the right eye. Data were processed using the EEGLAB software package (Delorme & Makeig, 
2004) and the SASICA toolbox (Chaumon, Bishop, & Busch, 2015). First, the EEG data were 
imported to EEGLAB in which they were preprocessed by re-referencing to Fz (Nolan, Whelan, 
& Reilly, 2010) (subsequently average-referenced prior to data analyses; see below), down-
sampling to 256 Hz, low-pass FIR filtering at 30 Hz, high-pass FIR filtering at 0.1 Hz, and 
epoching each trial using a window of 1000 ms pre-trial onset to 17000 ms post-trial onset. 
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Importantly, EEG data were segmented into 17000-ms epochs only for data cleaning purposes 
(to retain all events part of each trial) (Jung et al., 2000; Uriguen & Garcia-Zapirain, 2015). 
Analyses of ERPs and ERSPs were performed on much shorter data segments as typically done 
in other ERP/ERSP studies (see below). 
Second, artifact rejection and correction were performed based on multiple criteria in the 
following order: (1) Noisy EEG channels were rejected using a normalized kurtosis criterion of 
three standard deviations; (2) noisy epochs were removed using extreme value criteria of ± 500 
μV for any EEG channel, followed by probability criteria of six standard deviations for single 
channels and two standard deviations for all EEG channels; (3) independent component analysis 
(ICA) was used to decompose the EEG channel data, and SASICA was used to semi-
automatically identify and remove ICs capturing artifacts based on statistical properties of these 
components as well as visual confirmation. Specifically, the following measures were examined 
to identify artifactual ICs: Autocorrelation (with a lag threshold of 20 ms), focal topography, 
correlation with vertical and horizontal EOG signals, spatial and temporal signal features likely 
attributable to eye blinks (high temporal kurtosis, larger absolute mean inverse weights at frontal 
than posterior electrodes, the same sign on left/right portions of the electrode cap, and higher 
signal variance at frontal than posterior scalp regions; Mognon, Jovicich, Bruzzone, & Buiatti, 
2011) as well as spatial kurtosis, power spectrum slope, the Hurst exponent, and the median 
gradient of component time courses (with a threshold of three standard deviations; Nolan et al., 
2010). The components identified as artifactual were subsequently visually inspected following 
the guidelines described in Chaumon et al. (2015). Notably, such an artifact rejection/correction 
procedure involving examination of various data features was particularly desirable in the current 
experimental design in which each data epoch contained multiple events of interest. It is possible 
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that data cleaning based on stricter and/or fewer criteria leads to loss of epochs in which not all 
events are affected by artifacts. Across participants, the average number of channels rejected 
(and subsequently interpolated) was 6.83 (SD = 2.09), whereas the average rate of epochs 
rejected was 7.76% (SD = 5.81), which is consistent with the recommended range (Delorme, 
Sejnowski, & Makeig, 2007). 
Third, following previous studies examining nonverbal social cognition targeting similar 
ERP components (e.g., Bailey & Kelly, 2017; Kroger et al., 2014; Righart & de Gelder, 2008; 
Schmitz, Scheel, Rigon, Gross, & Blechert, 2012; Wangelin, Bradley, Kastner, & Lang, 2012), 
the data were re-referenced to an average reference, and the reference selected during data 
import to EEGLAB (Fz) was added back to the data. Rejected channels were then interpolated. 
Finally, epochs for each event of interest were extracted for each participant and entered into an 
EEGLAB STUDY for group-level analyses. In the present report, we focused our analyses on 
EEG data time-locked to the beginning of social encounters and nonverbal behaviors displayed 
by the host. At the onset of social encounters, EEG data were segmented into 2200 ms epochs, 
with a 1000 ms pre-stimulus window (with the baseline defined from -1000 to -500 ms) and a 
1200 ms post-stimulus window. At the onset of behavior, EEG data were segmented into 1700 
ms epochs, with a 500 ms pre-stimulus baseline and a 1200 ms post-stimulus window. 
ERP Analysis. ERPs were identified at peak electrode locations based on visual 
inspection of the scalp topography within time windows around each event of interest. This 
procedure identified possible modulations of N450 (450-550 ms post-stimulus) associated at the 
onset of social encounters over frontal sites (F1, F2), and of the LP (300-1100 ms post-stimulus) 
at the onset of behavior over central sites (Cz). We focused on the frontal and central electrode 
sites given available evidence identified in previous studies of action observation (Amoruso et 
94 
 
al., 2013; Orlandi et al., 2017; Proverbio et al., 2009). For each ERP component, a repeated-
measures ANOVA was performed on the mean amplitude with the following factors as 
independent variables: Behavior (Approach, Avoidance, or Control at the onset of behavior; 
Social Interaction or Control/No Social Interaction at the onset of social encounters) and Host 
Race (Ingroup, Outgroup). Post-hoc t-tests were performed to further examine significant 
ANOVA effects. The alpha level was set at p < .05 for all random-effects analyses of ERPs. 
ERSP Analysis. Time-frequency decomposition of the EEG data was performed in 
EEGLAB to compare ERSPs between the experimental conditions of interest. This analysis 
focused on the onset of social encounters, as well as that of behavior displayed by the host. 
Specifically, data epochs were 2200 ms in length (1000 ms pre-stimulus, 1200 ms post-stimulus) 
relative to the onset of each event. These 2200-ms epochs were convolved with Morlet wavelets 
to generate a time-frequency spectrogram over a time span of -790 to 991 ms. The present 
analysis focused on a frequency window from 8 to 30 Hz, given available evidence identifying 
modulations of EEG oscillations in the alpha (8-15 Hz) and beta (16-30 Hz) range by social 
information (Güntekin & Basar, 2007; Knyazev et al., 2013; Oberman et al., 2007; Zarka et al., 
2014). The decomposition included three cycles at the lowest frequency and increased, by a 
factor of 0.5, to 5.625 at the highest frequency, with a sliding window length of 418 ms. For each 
condition, an ERSP image was generated to show mean changes in spectral power (in dB) for 
alpha and beta bands relative to the baseline period from -790 to -504 ms preceding the stimulus 
onset (Hanslmayr et al., 2011). Statistical analyses were conducted using paired-sample t-tests 
and ANOVAs to examine differences in ERSP at the onset of social encounters and behavior, 
respectively. To correct for multiple comparisons across a large number of time and frequency 
points, results were thresholded at p < .05 corrected for the false discovery rate (Benjamini & 
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Hochberg, 1995). Upon identification of significant ANOVA effects on ERSPs, post-hoc t-tests 
were performed targeting only the area of the spectrogram showing these omnibus effects. 
Analysis of the Effect of Ingroup Bias on ERPs/ERSPs. Upon identification of racial 
ingroup bias based on differences in RTs (see Behavioral Results below), a possible role of 
ingroup bias in modulating ERP/ERSP effects was also explored. Specifically, participants were 
categorized into either a high or low bias group, depending on whether their mean RT 
differences for evaluating business interest for ingroup vs. outgroup approach behaviors were 
slower or faster than the sample median RT, respectively. Analyses of differences between 
participant subgroups have been reported in previous investigations from our group using similar 
experimental paradigms (based on comparable sample sizes; Katsumi et al., 2017) as well as by 
others (e.g., Hehman et al., 2014; Molenberghs et al., 2013; Shin & Bartholow, 2013). 
Importantly, the two bias groups in the present sample did not significantly differ in the 
distribution of sex (χ2[1] = 0.095, p = .758), age (t[40] = 0.77, p = .443), and the number of 
trials/epochs included in data analyses (t[40] = 0.88, p = .384), thus suggesting that the observed 
differences are not driven by individual variations in these variables. 
The effect of ingroup bias on ERPs/ERSPs was then examined at two levels. First, for 
each dependent variable of interest (i.e., N450, LP, beta power), a Behavior × Host Race × Bias 
Group (High vs. Low) mixed ANOVA was performed to investigate the extent to which ingroup 
bias modulates these neural responses. Second, a series of correlation analyses were performed 
between ERP/ERSPs and behavioral measures (ratings, RTs) separately for the high vs. low bias 
groups, to examine whether the link between neural and behavioral responses to particular events 
was differentially modulated by the degree of ingroup bias. Given that the LP effect was 
observed during a wider time window from 300 to 1100 ms at the basic level (see Figure 4.4), we 
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additionally examined the LP effect by extracting the mean amplitude from a more focused 
window from ~850 to 900 ms, which was informed by an independent analysis of ERSPs 
identifying significant differences between approach and avoidance behaviors within the beta 




 Confirming our first hypothesis, analyses of competence and interest ratings replicated 
the findings from previous investigations regarding the positive impact of approach behavior 
(Dolcos, Sung, et al., 2012; Katsumi & Dolcos, 2018a), while also identifying RT-related racial 
ingroup bias (Katsumi & Dolcos, 2018a) in the evaluation of social encounters. Specifically, 
regarding the former, a Behavior × Host Race ANOVA yielded a significant main effect of 
Behavior: F(2,82) = 130.07, p < .001, η2p = 0.760. Overall, competence and interest ratings were 
highest for social encounters involving approach behavior display of the host (M = 3.63, SD = 
0.51), followed by avoidance behavior (M = 2.66, SD = 0.55), and then by the control condition 
(M = 1.79, SD = 0.64) (all t’s > 7.25, p’s < .001). In addition, regarding the latter, results also 
confirmed a significant interaction between Behavior × Host Race in RTs for the interest ratings: 
F(2,82) = 23.43, p < .001, η2p = 0.364. This interaction effect was driven in particular by 
significantly slower RTs associated with the interest ratings for the ingroup approach compared 
to outgroup approach condition [t(41) = 7.20, p < .001]. RTs for the ingroup control condition 
were also faster than those for the outgroup control condition [t(41) = 2.74, p = .009], whereas 
RTs for the ingroup and outgroup avoidance conditions did not significantly differ [t(41) = 0.29, 
p = .773]. Within the ingroup conditions, RTs associated with the interest ratings for the 
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approach condition were significantly slower than those for the avoidance and control conditions 
(ts > 5.85, ps < .001). Taken together, these findings provide support to the previous findings 
regarding the positive impact of approach behavior on the evaluation of social encounters. 
Moreover, the current results are also consistent with evidence regarding racial ingroup bias in 
the context of business interactions, particularly driven by RT differences between ingroup and 
outgroup members displaying approach behavior.  
 
ERP Results (1): Basic and Bias-Related Effects on N450 Responses at the Onset of Social 
Encounters 
Confirming our second hypothesis, ERP analysis identified a set of ERP components 
whose amplitude was modulated at the onsets of different events of interest: an N450 effect at 
the onset of social encounters and a LP effect at the host’s behavior. Of note, these ERP 
components showed both effects of basic manipulations and of the degree of behavioral ingroup 
bias as determined by RTs, thus also confirming our fourth hypothesis. These effects are 
introduced in turn below.   
Basic Effects of Social Encounters on N450. A Behavior × Host Race ANOVA targeting 
ERPs at the onset of social encounters showed a significant main effect of Behavior (F[1, 41] = 
6.93, p = .012, η2p = 0.352). Specifically, the average N450 amplitude over frontal sites in 
response to observing the beginning of social encounters involving a cardboard display of the 
host (M = -5.08, SD = 3.86) was significantly greater than in response to observing the beginning 
of social encounters involving the actual host (M = -4.12, SD = 2.58) (Figure 4.2). No other 




Figure 4.2. N450 responses linked to observing the beginning of social encounters. ERP results showed greater 
N450 responses for observing social encounters involving a cardboard display of the host compared to those involving 
the actual host, at frontal electrode sites and within a time window of 450-550 ms post-stimulus (shaded in gray). The 
dashed lines indicate the beginning of the trials and the onset of social encounters, respectively; see also the Methods 
section. The data were down-sampled with a resampling factor of 15 for display purposes. 
 
Effects of Ingroup Bias on N450. A Behavior × Host Race × Bias Group ANOVA 
identified a significant main effect of Bias Group (F[1, 40] = 5.72, p = .022, η2p = 0.125) but no 
significant interaction effects involving this factor. Overall, the mean N450 amplitude was 
significantly larger (more negative) in the high bias (M = -4.21, SD = 2.46) than in the low bias 
groups (M = -2.53, SD = 2.06). Notably, although an interaction between Behavior × Bias Group 
was not statistically significant, a comparison of the mean N450 amplitude between control and 
social interaction conditions within each bias group revealed that the N450 effect was present in 
the high bias group (t[20] = 2.68, p = .011) but not in the low bias group (t[20] = 0.89, p = .383) 
(Figure 4.3). Consistent with this ANOVA effect, brain-behavior correlation analyses revealed 
that behavioral ingroup bias (i.e., difference in RTs between ingroup vs. outgroup approach 
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behaviors) was overall negatively associated with the mean N450 amplitude for both control 
(r[40] = -.299, p = .054) and social interaction (r[40] = -.388, p = .011) conditions. 
 
Figure 4.3. Effect of ingroup bias on the N450 amplitude. Comparisons of the mean N450 amplitude between 
participants with relatively high vs. low ingroup bias (as defined by differences in RTs for evaluating ingroup vs. 
outgroup approach behaviors) revealed that differences in N450 responses observed for social encounters involving 
cardboard vs. dynamic displays of the host were uniquely significant in the former group. Error bars denote the 
standard error of the mean. *p < .05. 
 
ERP Results (2): Basic and Bias-Related Effects on LP Responses at the Onset of Nonverbal 
Behaviors Displayed by the Host 
Basic Effects of Host Behavior on LP. A Behavior × Host Race ANOVA targeting ERPs 
at the onset of behavior showed a significant main effect of Behavior (F[2, 80] = 22.25, p < .001, 
η2p = 0.381). Specifically, consistent with prior work on biological motion and action 
observation (Proverbio et al., 2009), the average LP amplitude over central electrode sites in 
response to observing approach (M = 1.77, SD = 2.10) and avoidance behaviors (M = 1.51, SD = 
2.25) were significantly greater than in response to observing the control condition (M = -0.26, 
SD = 1.63) (approach vs. control: t[41] = 5.46, p < .001; avoidance vs. control: t[41] = 4.22, p < 
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.001) (Figure 4.4). Although the mean LP amplitude did not significantly differ between 
observing approach and avoidance behaviors at a general level (t[41] = 0.82, p = .209), the mean 
LP amplitude was significantly greater for observing approach (M = 1.70, SD = 2.11) than 
avoidance behaviors (M = 1.22, SD = 1.83) within the ingroup condition (t[41] = 2.06, p = .046), 
whereas the corresponding difference was not significant within the outgroup condition (t[41] = 
0.58, p = .566).  
 
Figure 4.4. LP responses linked to observing nonverbal behaviors displayed by the host. ERP results showed 
greater LP responses for observing dynamic nonverbal behaviors displayed by ingroup and outgroup hosts compared 
to the control condition, at central electrode sites and within a time window of 300-1100 ms post-stimulus (shaded in 
gray). The dashed line indicates the onset of approach and behaviors displayed by the host and of the control condition, 
in the movies. The data were down-sampled with a resampling factor of 15 for display purposes. 
 
 Effects of Ingroup Bias on LP. A Behavior × Host Race × Bias Group ANOVA did not 
reveal a significant main effect of Bias Group (F[1, 40] = 1.89, p = .177, η2p = 0.045) nor any 
significant interaction effects involving this factor. However, brain-behavior correlation analyses 
identified a significant relation between the LP amplitude and behavioral ratings, which was 
unique to the high bias group evaluating ingroup members. Specifically, in the high bias group, 
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differences in the LP amplitude between the ingroup approach vs. control conditions were 
positively associated with the interest ratings for ingroup members displaying approach behavior 
(r[19] = .483, p = .027). That is, those participants who showed greater LP responses to 
observing ingroup approach behavior also subsequently rated ingroup members displaying such 
behavior more positively. However, this link between LP and behavior was not identified with 
respect to the evaluation of outgroup members or in the low bias group (Figure 4.5). 
 
Figure 4.5. Effect of ingroup bias on the LP amplitude. Differences in the mean LP amplitude between the ingroup 
approach and control conditions were positively associated with the interest ratings for the ingroup approach condition. 
Interestingly, this pattern of correlation was observed only among the high bias group evaluating ingroup members. 
The LP amplitude was extracted from a window (~850-900 ms), where significant differences in beta power were 
observed between approach and avoidance behaviors (Figure 4.7, bottom right). 
 
ERP Results (3): Link between N450 and LP Responses   
To clarify possible associations between the N450 and LP effects (at the onset of social 
encounters and social behaviors, respectively), linked to ingroup biases, correlation analyses 
were performed across all participants. For each participant and for each ERP component, the 
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difference in the mean amplitude between social interaction and control conditions was first 
calculated, separately for ingroup and outgroup trials. These analyses identified a significant 
negative relation between the N450 and LP responses for ingroup trials (r[40] = -.361, p = .018), 
but not for outgroup trials (r[40] = -.050, p = .753) (Figure 4.6). That is, those participants who 
showed greater N450 response to a cardboard display of the ingroup host at the beginning of 
social encounters subsequently showed attenuated LP response linked to the observation of 
dynamic nonverbal behaviors displayed by the ingroup host.  
 
Figure 4.6. Correlations between N450 and LP amplitudes. Across participants, the amplitude of N450 (difference 
between the social interaction and control conditions) measured at the onset of social encounters was negatively 
associated with that of LP (difference between the social interaction and control conditions) measured at the onset of 
the host’s behavior. This relation was observed uniquely in ingroup trials. 
 
Taken together, these ERP results demonstrate that ERP components such as N450 and 
LP are modulated by different types of social information, with the former showing initial 
sensitivity to human presence at the beginning of social encounters and the latter showing 
sensitivity to processing different types of nonverbal behaviors displayed by the host. 
Furthermore, the current results also suggest that behavioral ingroup bias defined based on RT 
differences significantly modulates neural responses detectable earlier in time during the 
observation of social encounters.  
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ERSP Results: Basic and Bias-Related Effects on Alpha and Beta Power at the Onset of 
Nonverbal Behaviors Displayed by the Host 
Next, confirming our third hypothesis, analyses of oscillatory EEG activity revealed 
significant modulations of alpha and beta power linked to the observation of dynamic nonverbal 
behaviors. Importantly, similar to our ERP results, beta power was also influenced by the degree 
of behavioral ingroup bias, thus providing support to our fourth hypothesis.  
Basic Effects of Host Behavior on Beta/Alpha Power. At the onset of social encounters, a 
paired-sample t-test comparing ERSPs between the social interaction vs. control conditions did 
not reveal significant differences. At the onset of behavior, a one-way ANOVA identified 
significant differences in ERSPs within the beta range (~15-25 Hz) as well as in the alpha range 
(~8-15 Hz) linked to observing different types of behavior displayed by the host. Post-hoc t-tests 
revealed that observing approach and avoidance behaviors were associated with greater 
suppression in the beta frequency range from ~700 to 990 ms post-stimulus compared to the 
control condition. Interestingly, beta suppression was also greater for observing approach than 
avoidance behaviors at ~850 ms post-stimulus (Figure 4.7). Moreover, there was also greater 
alpha power for observing dynamic nonverbal behaviors compared to the control host display 




Figure 4.7. Differential alpha and beta power by observing nonverbal behaviors. Observing dynamic approach 
and avoidance behaviors displayed by the host was associated with suppression of beta power (at 700-990 ms; blue 
rectangles) and a transient increase in alpha power (at 0-250 ms; yellow rectangles) compared to the control condition. 
Additionally, greater suppression of beta power was also observed for observing approach compared to avoidance 
behaviors at ~850 ms post-stimulus (black arrow). The dark red areas in the spectrogram in the bottom row represent 
significant pair-wise differences between the experimental conditions (uncorrected p < .05, two-tailed), which also 
showed a significant main effect of behavior in a one-way ANOVA (FDR corrected p < .05). 
 
Effects of Ingroup Bias on Beta Power. Finally, to examine the effect of ingroup bias on 
beta power, the mean ERSP value was computed for each condition in each group within the 
area of the spectrogram showing a main effect of behavior at ~15-25 Hz from 700 to 990 ms (see 
Figure 4.4, bottom). A Behavior × Host Race × Bias Group ANOVA on mean beta power did 
not reveal a significant main effect of Bias Group (F[1, 40] = 0.20, p = .660, η2p = 0.005) nor any 
significant interaction effects involving this factor. However, similar to the LP effect above, 
brain-behavior correlation analyses identified a significant relationship between beta power and 
RTs, which was unique to the high bias group evaluating ingroup members. Specifically, in the 
high bias group, differences in beta power between the ingroup approach vs. control conditions 
were positively associated with RTs associated with evaluating the interest ratings for ingroup 
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members displaying approach behavior (r[19] = .434, p = .049). Namely, those participants who 
showed greater suppression of beta power linked to observing ingroup approach behavior also 
subsequently showed slower RTs for evaluating ingroup members displaying such behavior. 
However, this link between beta power and behavior was not identified with respect to the 
evaluation of outgroup members or in the low bias group (Figure 4.8). 
 
Figure 4.8. Effect of ingroup bias on beta power. Differences in mean beta power between the ingroup approach 
and control conditions were positively associated with RTs for evaluating the interest ratings for the approach 
condition. Interestingly, this pattern of correlation was significantly observed only among the high bias group 
evaluating ingroup members. 
 
Overall, these findings show that observation of dynamic nonverbal behaviors is 
associated with changes in oscillatory EEG activity in the alpha and beta band ranges. Beta 
power at the onset of approach behavior displayed by ingroup members seems to also 






 Using EEG/ERP techniques, the present study sheds light on the temporal dynamics of 
the neural mechanisms associated with the observation and evaluation of nonverbal social 
encounters with racial ingroup and outgroup members. Complementing the previous study 
examining similar issues using fMRI (Katsumi & Dolcos, 2018a), the present results extend the 
available evidence by demonstrating how group membership influences processing of various 
social cues presented at different points in time during social encounters, and how it affects 
subsequent evaluations of these encounters. The main findings will be discussed in turn below.  
 
Effects on N450 Responses at the Onset of Social Encounters 
Basic Effects of Social Encounters on N450. ERP analysis identified modulation of N450 
responses at the onset of social encounters, with larger N450 amplitudes associated with the 
observation of encounters involving a cardboard representation of the host compared to the 
actual host. In the linguistic domain, the N400 has been established as a robust 
electrophysiological marker of semantic processing, the amplitude of which is typically sensitive 
to semantic congruity, expectancy, and word frequency, among others (reviewed in Kutas & 
Federmeier, 2011). However, emerging evidence suggests that modulation of N400/450 
responses can be identified in a variety of task contexts, including those involving the 
observation of action-related stimuli (most typically over frontal electrode sites; Amoruso et al., 
2013). For instance, previous studies using video clips of people engaging in everyday activities 
found that observing actions with semantically anomalous endings (e.g., combing one’s hair with 
a toothbrush) elicited greater N400-like responses compared to observing actions with 
anticipated endings (Reid & Striano, 2008; see also Wu & Coulson, 2005). This evidence has led 
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to the idea that the N400/450 effect observed in the context of action-related paradigms might 
reflect difficulty in understanding others’ behavior in a given context or in integrating the 
incoming social information with the perceiver’s previous knowledge (Proverbio & Riva, 2009).  
These findings raise the possibility that the N450 effect observed in the present study 
reflects participants’ expectation and preference for the host’s behavior in business interactions. 
Based on their previous experience, people might expect by default, and hence prefer, business 
encounters involving interactions with the “real” host. Seeing a cardboard representation of the 
host at the beginning of social encounters, therefore, might deviate from this a priori expectation, 
possibly resulting in larger N450 responses. This view is also supported by our behavioral results 
identifying the lowest ratings of business competence and interest for the control condition 
involving a cardboard display of the host, suggesting that the absence of dynamic body language 
confers the most negative impact on impression formation, possibly due to the violation of 
expectation regarding business interactions. 
Intriguingly, there is also evidence suggesting a link between LP responses and social 
expectancy violation (Bartholow et al., 2001; Bartholow et al., 2003; Osterhout et al., 1997; Van 
Duynslaeger et al., 2007). In the present study, however, no modulation of LP-like components 
was identified at the onset of social encounters. Available evidence suggests that LP/P300 and 
N400/450 might be sensitive to different types of expectancy violations in social contexts. 
Specifically, LP/P300 has been more closely linked to evaluative incongruence (e.g., a mismatch 
between the valence of a category and a subsequent target stimulus), whereas N400/450 has been 
associated with an increased effort in integrating inconsistent behaviors with one’s person 
schema (Baetens, Van der Cruyssen, Achtziger, Vandekerckhove, & Van Overwalle, 2011; 
Herring, Taylor, White, & Crites, 2011). Therefore, it is possible that the current experimental 
108 
 
design tapped more into the latter type of expectancy violation, resulting in the modulation of 
N450 responses. More research is needed to further our understanding of the type of violations or 
conditions that modulates LP/P300 vs. N400/450. 
Effects of Ingroup Bias on N450. The present study identified evidence demonstrating 
that behavioral racial ingroup bias based on differences in RTs for evaluating approach behaviors 
significantly modulates ERPs occurring earlier in time during the observation of social 
encounters. Regarding the N450, differential N450 responses between the control/no social 
interaction and social interaction conditions were driven uniquely by those participants who 
exhibited greater ingroup bias. The link between N400/450 and behavior has been identified in 
previous studies of social cognition. For instance, greater N400 responses elicited by 
stereotypically incongruent vs. congruent information about Blacks was correlated with more 
negative explicit attitudes toward them (Hehman et al., 2014). In addition, greater frontal N400 
reactivity elicited in the context of a social norm violation task was related to higher scores on 
attitudinal measures associated with the strength of social norms (Mu et al., 2015). Significant 
differences in the N450 amplitude only in the high bias group suggest that those participants who 
exhibit greater racial ingroup bias might also show stronger expectations and preferences about 
social encounters at a more general level. This idea is supported by available evidence showing 
that indices of ingroup favoritism (e.g., racial, ethnic) are significantly associated with concerns 
over the adherence to and maintenance of social norms in general (Lewis & Bates, 2014; Sibley 






Effects on LP Responses at the Onset of Nonverbal Behaviors Displayed by the Host 
Basic Effects of Host Behavior on LP. At the onset of the host’s behavior, ERP analysis 
identified modulation of sustained LP responses peaking at ~750 ms post-stimulus over central 
electrode cites, with larger LP amplitudes associated with the observation of dynamic (approach 
and avoidance) behaviors compared to a cardboard display of the host. This is overall consistent 
with previous ERP studies identifying differences in the amplitude of LP in similar time 
windows between dynamic and static displays of facial/bodily expressions (Orlandi et al., 2017; 
Proverbio et al., 2009; Recio, Sommer, & Schacht, 2011). For instance, greater LP responses 
were identified while viewing pictorial stimuli depicting dynamic vs. static human actions, 
possibly reflecting an increased effort to process visual kinematic information (Proverbio et al., 
2009). Using EEG source reconstruction techniques, these authors identified as possible 
generators of this LP effect several regions part of the action observation network, including the 
lateral temporo-occipital cortices (extrastriate body area, extending into the superior temporal 
sulcus [STS], fusiform gyrus), (pre)motor cortex, cingulate gyrus, and lateral PFC. Indeed, many 
of these regions were also identified as showing significantly greater activity for observing 
dynamic nonverbal behaviors vs. a cardboard display of the host (Katsumi & Dolcos, 2018a). 
Therefore, one possibility is that greater LP responses identified in the current study are 
associated with increased involvement of the action observation network while processing 
dynamic nonverbal behaviors during social encounters. 
In the context of overall similar LP responses linked to the observation of ingroup and 
outgroup social encounters, our ERP analysis also identified significant differences in the LP 
amplitude in observing approach vs. avoidance behaviors displayed by ingroup but not outgroup 
members. This suggests that not only does the magnitude of LP responses reflect processing of 
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dynamic nonverbal behaviors in general, but it also might be a neural marker of ingroup bias 
during action observation by showing sensitivity to the valence of such behaviors. Of note, this 
effect is also consistent with the present behavioral results identifying significantly slower RTs 
associated with the interest ratings for approach than for avoidance behavior displayed by 
ingroup hosts, whereas RTs did not differentiate within the outgroup conditions. 
Effects of Ingroup Bias on LP. Greater LP responses for observing approach behavior 
(compared to a cardboard display of the host) were associated with the more positive evaluation 
of interest for such behavior, but only within the high bias group evaluating ingroup members. 
Overall, this is consistent with the results of brain-behavior covariation analyses we reported in 
our previous investigation with similar experimental designs (Katsumi & Dolcos, 2018a), in 
which activity in the medial prefrontal cortex for observing ingroup approach behavior 
(compared to a cardboard host display/control condition) was positively associated with the 
interest ratings for this condition. Similar to the N450, previous studies have shown that the 
amplitude of positive deflections observed over similar scalp locations and time windows during 
a picture evaluation task was associated with subjective ratings of arousal (Cuthbert et al., 2000). 
Furthermore, other studies examining LP responses during face processing tasks have revealed 
that the LP amplitude for observing racial ingroup faces was positively associated with scores on 
an explicit measure of racial prejudice (Ito et al., 2004). The present results are overall consistent 
with these findings regarding the role of this ERP component in processing of socioemotional 






Link between N450 and LP Responses   
Follow-up correlation analyses revealed that, although observed at different points in 
time during social encounters, the amplitudes of the two ERP components discussed thus far 
(N450 and LP) were significantly associated with one another, uniquely in the context of social 
encounters with ingroup members. Specifically, our results revealed that those participants who 
showed greater N450 response to a cardboard display of the ingroup host at the beginning of 
social encounters subsequently showed attenuated LP response while observing dynamic 
nonverbal behaviors displayed by the ingroup host. When observing social encounters, 
particularly those with unknown others, the perceiver needs to continuously process and keep 
track of incoming information in order to accurately infer the target’s intentions. In this context, 
integration of social information acquired at different points in time might have a facilitating 
effect on subsequent processing and evaluations of the target/host. Therefore, one possibility is 
that the significant relationship between N450 and LP amplitudes uniquely identified with 
respect to ingroup processing in the present study indexes the involvement of interactive 
mechanisms that facilitate processing of social information.  
As discussed above, it is possible that N450 responses are associated with category-based 
identification of human presence at the beginning of social encounters, whereas LP responses are 
linked to processing of more elaborate nonverbal behaviors displayed by the host. Thus, a 
negative correlation between N450 and LP amplitudes across participants suggests that those 
who show stronger reaction to the absence of ingroup hosts at the beginning of social encounters 
also show reduced responses when the hosts subsequently display more elaborate nonverbal 
behaviors. Such time-dependent mechanisms might be engaged to facilitate efficient processing 
of social encounters with ingroup members, which are likely associated with increased 
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motivational/psychological significance in a variety of contexts (Brewer, 1979, 1999; Van Bavel 
et al., 2008). Taken together, the current results provide novel evidence demonstrating the role of 
N450 and LP in processing various social cues presented as part of social encounters. Although 
detectable at different points in time, these neural markers might be part of the same larger 
neural system involved in dynamic social information processing that also shows sensitivity to 
differences in group membership. 
 
Effects on Alpha and Beta Power at the Onset of Nonverbal Behaviors Displayed by the Host 
 Basic Effects of Host Behavior on Beta/Alpha Power. Complementing the LP effect 
discussed above, ERSP analysis identified significant modulations of oscillatory EEG activity 
associated with the observation of approach and avoidance behaviors relative to a cardboard 
display of the host. Specifically, observing dynamic nonverbal behaviors was associated with 
greater suppression of power in the beta range from ~700 to 990 ms post-stimulus over central 
electrode sites. This result is overall consistent with previous studies identifying similar changes 
in beta power during the observation of simple everyday actions such as hand movements and 
walking (Darvas, Rao, & Murias, 2013; Pozzo et al., 2017; Zarka et al., 2014). Available 
evidence suggests that the attenuation of EEG activity in the alpha and beta ranges during action 
observation may reflect increased activity within the sensorimotor cortices (reviewed in Cheyne, 
2013; Pineda, 2005). Therefore, one possibility is that beta suppression identified during the 
observation of dynamic approach/avoidance behaviors is associated with greater sensorimotor 




In addition, suppression of beta power at ~20 Hz was greater for observing approach than 
for avoidance behaviors, although this effect was confined to a much smaller area within the 
time-frequency space. Previous fMRI investigations of social cognition found that regions such 
as the posterior STS and amygdala showed increased activity when observing social interactions 
involving approach/affiliative behaviors than to those involving avoidant ones (Dolcos, Sung, et 
al., 2012; Kujala et al., 2012). The current results expand this evidence and demonstrate that 
suppression of beta power over central sites might be a neural marker sensitive not only to 
dynamic gestures in general, but also to specific nonverbal cues conveying positive intentions. 
This finding also builds upon existing evidence and shows that beta suppression is associated 
with the observation of complex nonverbal cues displayed in a defined social context.  
 Furthermore, the present study also identified a transient increase in alpha power (~8-15 
Hz) for observing dynamic nonverbal behaviors compared to a cardboard display of the host. 
Similar patterns of power changes in the alpha band have been reported in recent studies of 
action observation (Aridan, Ossmy, Buaron, Reznik, & Mukamel, 2018; Girges, Wright, 
Spencer, & O'Brien, 2014; Zarka et al., 2014). These differences were characterized by greater 
alpha power for upright vs. inverted facial motion (Girges et al., 2014) or normal vs. 
uncoordinated body movements (Zarka et al., 2014). Therefore, one possibility is that transient 
changes in alpha power index the extent to which a certain stimulus to be processed is expected 
(and thus preferred) in a given context. This view is consistent with the interpretation of the 
N450 effect discussed earlier, where significant differences were also observed between the 
control/no social interaction vs. social interaction conditions.  
Effects of Ingroup Bias on Beta Power. Similar to the LP effect, greater beta suppression 
for observing approach behavior was found to be associated with longer RTs for evaluating the 
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interest for such behavior, but only within the high bias group evaluating ingroup members. As 
with ERPs, indices of beta suppression over central electrode sites during action observation and 
execution have been shown to predict the accuracy of mental inference based on faces and 
bodies (Perry et al., 2017). Extending this evidence, the current results demonstrate that 
suppression of oscillatory EEG activity within the beta frequency range reliably predicts the 
behavioral evaluation of social encounters, but specifically among those with high ingroup bias 
evaluating ingroup approach behaviors. To the extent that beta suppression might index greater 
sensorimotor representations of the observed actions (Cheyne, 2013), one possibility is that 
observing ingroup members’ behavior conveying positive intentions involves direct encoding at 
the neural level to a greater degree, which exerts stronger influences on evaluative judgments.  
 
Limitations 
 The following limitations associated with the present study should be acknowledged. 
First, increased ecological validity allowed by our dynamic stimuli, similar in length to those 
employed in previous EEG studies (e.g., Gutsell & Inzlicht, 2010, 2012), can also come at a cost, 
because observing continuous social encounters for several seconds can increase the likelihood 
of artifacts related to eye-movements and other muscle activity. It is important to note, however, 
that the present study used ICA to extract and remove artifacts from the data, by identifying EEG 
activity associated with EOG signal, muscle activity, and bad channels based on its spatial and 
temporal features (Chaumon et al., 2015; Mognon et al., 2011; Nolan et al., 2010). Therefore, it 
is unlikely that significant differences observed between the experimental conditions and groups 
in the current study were driven by signal artifacts. Nevertheless, future studies should try to 
minimize the source of such artifacts. Second, although the racial ingroup bias as determined by 
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RT differences was significantly related to ERP/ERSP responses observed in the present study, it 
is not clear from the current data whether different indices of ingroup favoritism would show 
similar associations. Future work should examine the potential role of ingroup bias in various 
domains (e.g., at the trait level; Lewis & Bates, 2010), to clarify the extent to which neural 
responses might be modulated by ingroup bias observed in specific social contexts vs. at a more 
general level. In addition, although justified by our power analyses based on an independent 
sample (Katsumi et al., 2017), results of our brain-behavior correlations based on participant 
subgroups should be interpreted with caution given their exploratory nature in relatively small 
(sub)samples (Yarkoni, 2009). To address these important issues, future research should aim to 
replicate the between-group effects identified in the present study with larger and more 
demographically diverse samples. Finally, although our analytical approach is consistent with 
those of the previous investigations examining similar issues, it has been suggested that 
multilevel modeling approaches might confer advantages over traditional ANOVA for analyzing 
psychophysiological data (Kristjansson, Kircher, & Webb, 2007; Martin, Karcher, Bartholow, 
Siegle, & Kerns, 2017; Volpert-Esmond, Merkle, Levsen, Ito, & Bartholow, 2018). Therefore, it 
would be of interest for future studies to consider employing such techniques, which might help 










Collectively, the present investigation makes novel contributions to the literatures on 
electrophysiological correlates of nonverbal perception and group processes. Extending the 
available evidence, the present study sheds light on the temporal dynamics of neural mechanisms 
associated with the observation and evaluation of social encounters in a defined social context. 
Replicating previous behavioral findings, the present study identified evidence for ingroup bias 
particularly driven by the evaluation of ingroup approach behavior. ERP results showed that ERP 
components typically implicated in social cognition (N450 and LP) were sensitive to nonverbal 
behaviors displayed by the host, and to participants’ ingroup bias. Specifically, social encounters 
involving a cardboard host display was associated with larger N450 responses compared to those 
involving dynamic behaviors displayed by the host, possibly related to participants’ unfulfilled 
expectations about typical social encounters. Observing dynamic nonverbal behaviors was also 
associated with greater LP responses and suppression of beta oscillations compared to control 
stimuli, thus suggesting increased engagement of sensorimotor activity while viewing social 
encounters involving display of nonverbal behaviors. Of note, these neural responses showed 
modulations by the degree of racial ingroup bias, thus demonstrating a link between behavioral 
group bias and neural sensitivity to various social cues during social encounters. These findings 
advance our understanding of the neural mechanisms associated with observing and evaluating 
nonverbal social cues, by pointing to detectable temporal indices linked to real-time processing 
of social information, and by showing how such process are modulated by racial ingroup bias. 
This novel evidence has important implications for clarifying the temporal dynamics of 
information processing in social interactions, particularly in the context of encounters with 
individuals from diverse racial backgrounds.  
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PART II. NEUROBEHAVIORAL CORRELATES OF THE IMMEDIATE AND LONG-
TERM IMPACT OF EMOTION REGULATION 
 
CHAPTER 5: EFFECTS OF EMOTIONAL SUPPRESSION ON EMOTIONAL 
EXPERIENCE AND EPISODIC MEMORY7 
 
Introduction 
Research on emotion regulation (ER) – i.e., the processes influencing which, when, and 
how emotions are experienced and expressed (Gross & John, 2003) – has established that the 
ability to cope adaptively with emotionally challenging situations is vital for both physical and 
mental health (Gross, 2008, 2015). ER behaviors that individuals engage in emotional situations 
are often promoted by the pursuit of various goals, driven by basic (e.g., hedonistic) or more 
complex social motivations (Gross, 2008; Koole et al., 2015; Tamir, 2009). Although these ER 
goals may be pursued through effortful and intentional attempts (explicit ER), extant evidence 
suggests that the mental representations of ER goals can also be activated without conscious 
awareness of the priming stimuli or active intention toward the goal (implicit ER) (Bargh, 
Gollwitzer, & Oettingen, 2010; Gyurak et al., 2011; Kobylińska & Karwowska, 2015; Koole & 
Rothermund, 2011; Sheeran, Gollwitzer, & Bargh, 2013). 
Previous studies of ER have shown that the engagement of specific ER strategies can 
influence not only immediate emotional experience, but also long-term memory for emotional 
events after a delay (e.g., Dillon et al., 2007; Kim & Hamann, 2012). However, despite 
                                                 
7 A version of this chapter is available online and currently in press as: Katsumi, Y. & Dolcos, S. (2018, in press). 
Suppress to feel and remember less: Neural correlates of explicit and implicit emotional suppression on perception 
and memory. Neuropsychologia. doi: 10.1016/j.neuropsychologia.2018.02.010. 
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converging evidence suggesting the existence of neural networks involved in the impact of ER 
on immediate emotional experience (Buhle et al., 2014; Kohn et al., 2014), relatively less is 
known about the neural correlates of the long-term impact of ER on episodic memory. Moreover, 
prior studies investigating the effect of ER on episodic memory have focused on the role of 
explicit ER, and therefore the effect of implicit ER remains unclear. The present study addressed 
these issues by using an experimental design that assessed both the immediate (emotional 
ratings) and long-term (episodic memory) effects of ER, with a focus on the explicit and implicit 
forms of emotional suppression. Clarification of these issues is relevant for understanding both 
healthy functioning and alterations in affective disorders, in which an excessive focus on 
negative memories and emotion dysregulation are often among the core debilitating features 
(Dalgleish & Werner-Seidler, 2014; Dolcos, 2013). In this context, forgetting unwanted negative 
memories may serve an adaptive function (Dunn et al., 2009; Nørby, 2015), and doing so with 
reduced cognitive costs (e.g., implicitly) may prove particularly useful for individuals with 
limited resources available for information processing (Williams et al., 2009). 
 
Neural Correlates of Emotional Suppression: Immediate vs. Long-Term Effects 
Emotional suppression is an ER strategy that typically involves attempts to inhibit the 
external expression and/or internal experience of emotion (Dunn et al., 2009; Gross, 2008; Webb 
et al., 2012). Behaviorally, previous laboratory studies examining the immediate impact of 
instructed emotional suppression have yielded mixed results,8 with some studies identifying 
                                                 
8 It is important to note that the inconsistent findings reported here may be at least in part driven by the 
heterogeneity of the task instructions across studies (see also Webb et al., 2012). For instance, whereas the studies 
by Gross and colleagues have typically emphasized in their instructions only the inhibition of outward emotional 
expression (Gross, 1998a; Gross & Levenson, 1997; Richards & Gross, 1999, 2000), more recent studies have 
defined emotional suppression at a more general level, and instructed participants to suppress both the external 
expression and internal experience of emotions (Binder et al., 2012; Dunn et al., 2009). However, this distinction 
between “purely expressive” vs. “mixed expressive/experiential” forms of suppression does not appear to be the sole 
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reduced subjective experience of negative emotions (Binder et al., 2012; Dunn et al., 2009; 
Goldin, McRae, Ramel, & Gross, 2008; Hayes et al., 2010), and others showing no significant 
changes in emotional experience (Gross, 1998a; Gross & Levenson, 1993, 1997; Richards & 
Gross, 1999, 2000) compared to control conditions with no instructions to engage specific ER 
strategies (i.e., passive viewing). At the neural level, available evidence from fMRI studies 
shows that the engagement of emotional suppression compared to passive viewing is associated 
with increased activity in brain regions typically involved in cognitive control, such as the lateral 
PFC and parietal cortex (Dorfel et al., 2014; Goldin et al., 2008; Hayes et al., 2010). Paralleling 
the behavioral evidence, there is also mixed fMRI evidence concerning the effect of emotional 
suppression on activity in regions typically involved in basic emotion processing (e.g., AMY), 
with some studies identifying decreased AMY activity (Dorfel et al., 2014; Hayes et al., 2010; 
Ohira et al., 2006), and others observing increased AMY activity (Goldin et al., 2008), linked to 
the engagement of this ER strategy compared to passive viewing. 
Although the current evidence regarding the immediate effect of emotional suppression 
remains inconclusive possibly due to differences in task instructions (Webb et al., 2012), 
previous laboratory studies examining the long-term impact of emotional suppression on 
episodic memory have consistently shown that the instructed engagement of this ER strategy 
during encoding of visual stimuli leads to reduced subsequent memory for the suppressed stimuli 
(Dillon et al., 2007; Dunn et al., 2009; Richards & Gross, 1999, 2000, 2006). Despite these 
remarkably consistent behavioral findings, only a few published studies to date have provided 
                                                 
factor explaining the aforementioned inconsistencies in behavioral outcomes, given that some studies using purely 
expressive suppression still observed reduction in emotional experience relative to passive viewing (Bebko, 
Franconeri, Ochsner, & Chiao, 2011; Dorfel et al., 2014; Hayes et al., 2010). 
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evidence concerning the neural correlates of emotional suppression on episodic memory (Binder 
et al., 2012; Hayes et al., 2010). 
In general, available evidence points to the existence of multiple neural routes involved in 
the impact of emotion on memory encoding (Dolcos, Denkova, & Dolcos, 2012; Dolcos et al., 
2017; LaBar & Cabeza, 2006; Murty, Ritchey, Adcock, & LaBar, 2011). On the one hand, it has 
been shown that successful encoding of emotional items involves the structures within the 
medial temporal lobe (MTL), with the AMY directly exerting modulatory influences over the 
memory-related regions such as the hippocampus (HC) (Dolcos, LaBar, & Cabeza, 2004b). On 
the other hand, successful emotional encoding also appears to be mediated by regions within the 
PFC and parietal cortex, possibly by virtue of processes such as semantic elaboration, executive 
control, and attention (Dolcos, LaBar, & Cabeza, 2004a; Kaneda, Shigemune, & Tsukiura, 2017; 
Ritchey, LaBar, & Cabeza, 2011). 
The few fMRI studies examining the effect of emotional suppression on episodic memory 
suggest that the explicit engagement of this ER strategy influences both the MTL-based and 
PFC-based mechanisms involved in memory encoding (Binder et al., 2012; Hayes et al., 2010). 
In particular, significant co-activation of the AMY and HC linked to successful memory 
encoding was observed during passive viewing, which was attenuated during the engagement of 
emotional (expressive) suppression (Hayes et al., 2010). Furthermore, decreased activity related 
to successful encoding was observed in the HC during the engagement of emotional suppression 
compared to passive viewing (Binder et al., 2012). Interestingly, Binder et al. (2012) also 
showed that the strength of encoding-related functional connectivity between the HC and dlPFC 
was significantly diminished by the engagement of emotional suppression, and no longer 
predicted subsequent memory for the suppressed stimuli. Taken together, these findings show 
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that the engagement of emotional suppression reduces subsequent memory by modulating both 
the MTL-based and PFC-based mechanisms implicated in emotional memory encoding. 
 
Explicit vs. Implicit Emotion Regulation 
Another area of research that has received relatively less attention in investigating the 
impact of ER on episodic memory concerns the role of implicit ER. Numerous studies from the 
self-regulation literature using priming techniques have demonstrated that implicitly operating 
goals typically produce similar outcomes as when the same goals are pursued explicitly 
(reviewed in Bargh et al., 2010; Sheeran et al., 2013). Extending this evidence to the literature on 
ER, a few studies have shown that ER goals implicitly activated via priming can achieve similar 
behavioral or physiological responses (e.g., reduced emotional reaction) as their explicit 
counterparts in some negative emotional situations (Mauss, Cook, et al., 2007; Williams et al., 
2009; Yuan, Ding, Liu, & Yang, 2015). These findings are important given that explicit 
emotional suppression may come with cognitive, physiological, and/or social costs (Butler, Lee, 
& Gross, 2007; Gross & Levenson, 1993; Richards et al., 2003), and therefore may not be 
successfully or efficiently engaged by individuals whose cognitive resources are already limited 
(e.g., by chronic rumination Nolen-Hoeksema, Wisco, & Lyubomirsky, 2008). For instance, 
among individuals with higher levels of anxiety and depression symptoms, effortful attempts to 
suppress negative emotions upon recollection of distressing personal memories actually 
increased negative emotional responses (Dalgleish, Yiend, Schweizer, & Dunn, 2009). 
Therefore, it is possible that implicit emotional suppression may be useful in reducing unwanted 
memories for negative events, particularly among those who are unable to engage explicit 
emotional suppression effectively. However, to our knowledge, no prior published studies have 
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examined the effect of implicit emotional suppression on episodic memory, and the associated 
neural correlates. 
 
The Present Study 
As summarized above, the available evidence suggests that, although the effect of 
instructed emotional suppression on immediate emotional experience remains inconclusive, the 
engagement of this ER strategy appears to consistently reduce subsequent memory for the 
previously encoded stimuli. At the neural level, the memory-reducing effect of emotional 
suppression seems to be associated with decreased interactions between the AMY and HC, and 
between the lateral PFC and HC, both of which have been previously implicated in emotional 
memory encoding. In addition, the current evidence also suggests that implicit emotional 
suppression can modulate immediate emotional experience similar to its explicit counterpart. 
However, the long-term impact of implicit emotional suppression on episodic memory and its 
associated neural correlates remain unclear. To fill in this important gap in the literature, the 
present study used an experimental design that assessed both the immediate (emotional ratings) 
and long-term (episodic memory) effects of ER, with a focus on the explicit and implicit forms 
of emotional suppression. Participants in the experimental group underwent fMRI recording 
while they performed an emotional rating task involving the evaluation of negative and neutral 
images. One week later, the participants performed a surprise memory test for the images 
encoded in the MRI scanner. Emotional suppression goals were induced before the emotional 
rating task through verbal instructions (explicit emotional suppression) and a priming task in 
which participants were exposed to words conveying the idea of emotion control (implicit 
emotional suppression). An independent group of participants who performed both tasks outside 
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the MRI scanner without the induction of emotional suppression goals served as a control group. 
Following previous brain imaging studies of ER focusing on emotional stimuli (e.g., Dorfel et 
al., 2014; Hayes et al., 2010; Jackson, Malmstadt, Larson, & Davidson, 2000; Kim & Hamann, 
2007b; McRae, Ochsner, Mauss, Gabrieli, & Gross, 2008; Ochsner, Bunge, Gross, & Gabrieli, 
2002; Ochsner et al., 2004; Silvers et al., 2015; Urry et al., 2006; van Reekum et al., 2007; 
Wager et al., 2008), the present study focused on elucidating the neural mechanisms associated 
with the effects of explicit and implicit emotional suppression on emotional ratings and memory 
for emotional (negative) stimuli. This was also justified by previous research showing that 
participants found it confusing to try to regulate emotional reactions for stimuli that have little 
intrinsic emotional content (Jackson et al., 2000; Kim & Hamann, 2007a, 2007b), which may 
result in ambiguous emotional responses (e.g., Ahn et al., 2015). 
Based on the extant evidence reviewed above, we tested the following hypotheses. 
Across different levels of analysis, we expected that the effects of explicit and implicit emotional 
suppression would be similar (Bargh et al., 2010; Gyurak et al., 2011). Regarding the behavioral 
effects, (1) we expected to observe reduction in emotional ratings following the induction of 
emotional suppression goals compared to the preceding baseline runs (immediate effects). 
Second, (2) we also expected to observe reduced memory for stimuli encoded following the 
induction of emotional suppression goals compared to the preceding baseline runs (long-term 
effects). Regarding the neural correlates, (3) we expected to observe increased activity in regions 
including the lateral PFC and parietal cortex, and decreased activity in the AMY, following the 
induction of emotional suppression goals. Finally, (4) we expected to observe decreased activity 
in and/or connectivity among the AMY, HC, and lateral PFC related to successful emotional 
memory encoding following the induction of emotional suppression goals. We also expected that 
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the association between functional connectivity among these regions and memory performance 




Forty-one young adults (24 females, Mage = 21.36, SDage = 3.76) participated in this 
study. Of the 41 participants, 23 young adults (15 females, Mage = 23.38, SDage = 3.70) 
participated as the experimental group, who performed an emotional rating task while fMRI data 
were recorded. Eighteen additional participants (9 females, Mage = 19.11, SDage = 0.90) were also 
recruited as a control group, who performed the same tasks outside the MRI scanner following 
similar delays, but without the induction of emotional suppression goals during the emotional 
rating task. The control group was tested in order to make sure that the results observed in the 
experimental group were not driven by possible effects due to habituation to emotional stimuli. 
All participants were healthy, right-handed, native English speakers, with no history of 
psychiatric or neurological conditions. Data from five participants from the experimental group 
were excluded from the analyses due to typical reasons contributing to data attrition (e.g., ratings 
or memory data not being recorded, other technical issues such as response box problems, 
participants feeling uncomfortable in the scanner). In addition, data from two participants (one 
from each participant group) were excluded from the analyses due to low memory performance 
for negative relative to neutral images during the “baseline” runs (Z < −2.5). This ensured that 
our behavioral analyses focused on those participants showing the expected effect of emotion on 
memory at the basic level (Bradley, Greenwald, Petry, & Lang, 1992). All participants provided 
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written informed consent under a protocol approved by the Institutional Review Board, and 
received payment for their participation. 
 
Experimental Procedures 
Participants in the experimental group completed two tasks: an emotional rating task, 
completed in the MRI scanner, and a recognition memory task, completed outside the MRI 
scanner one week later (see task diagram illustrated in Figure 6.1 and also Dolcos, Sung, 
Denkova, Dixon, & Dolcos, 2011). The control group completed both tasks outside the MRI 
scanner. 
Emotional Rating Task. fMRI data were recorded while participants in the experimental 
group viewed and rated a total of 180 negative and neutral images (90 in each emotional 
category), selected from the International Affective Picture System (IAPS; Lang, Bradley, & 
Cuthbert, 2008). Additional neutral images were selected from other sources (Dolcos et al., 
2004a; Dolcos & McCarthy, 2006), to equate the images for visual complexity and human 
content across the emotional categories. The average IAPS valence ratings for negative and 
neutral images were 2.47 (SD = 0.57) and 4.98 (SD = 0.28), respectively. The pool of 180 images 
was divided into sets of 30 images, which were randomly assigned to six study runs, between 
which the average IAPS valence ratings were equated. The run orders were randomly assigned to 
the participants. To avoid mood induction, images were pseudo-randomized within each run so 
that no more than three images of the same valence were presented consecutively. Each image 
was presented on the screen for 4 s, and then was removed to minimize the confounding effects 
of eye movements associated with prolonged scanning of images. Participants were asked to 
view the images and rate their subjective emotional experience triggered by the images on an 8-
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point scale (1 = Neutral, 8 = Extremely negative). All responses were made on a response pad 
attached to the participant's right hand. Specifically, ratings ranging from 1 to 4 were made by 
single clicks, whereas those ranging from 5 to 8 were made by double clicks on the buttons. The 
rating scale was presented at the bottom of each image. The screen containing the image and 
rating scale was followed by a fixation cross, presented on the screen for 12 s. Participants were 
instructed to rate the images while they were on the screen, and to do so only after being aware 
of the content of the image and of their emotional response to it. 
Participants completed the first and fourth runs of the emotional rating task with no 
induction of emotional suppression goals; these runs were defined as the baseline runs, and 
tested participants’ spontaneous processing and evaluation of images (Dolcos et al., 2014). Each 
baseline run was immediately followed by either the explicit or implicit induction of emotional 
suppression goals (i.e., BASEEXP followed by EXP and BASEIMP followed by IMP, 
respectively), with the order of induction counterbalanced across participants. In the EXP 
condition, participants were instructed to view and rate the next two runs of images (EXP runs), 
while trying to suppress the experience and expression of emotional responses triggered by the 
images. The instructions emphasized both the inhibition of experience and expression of 
emotional responses, and thus are more consistent with those of previous studies using a broader 
definition of emotional suppression (Binder et al., 2012; Dunn et al., 2009; see also Webb et al., 
2012), than with those used by others focusing on the inhibition of emotional expression (e.g., 
Gross & Levenson, 1993; Richards & Gross, 1999, 2000, 2006). In the IMP condition, 
participants performed an adaptation of the Scrambled Sentence Task (SST) (Srull & Wyer, 
1979) in which they were asked to construct 20 four-word grammatically correct sentences from 
five-word jumbles that had embedded words conveying the idea of emotion control (e.g., 
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“restrain”, “stable”, “covered”), thus priming participants to suppress their emotional responses 
(“Emotion Control SST”). The target words related to emotion control were taken from previous 
studies (Mauss, Cook, et al., 2007). The two runs of images following the IMP goal induction 
were defined as IMP runs. Importantly, to maintain the same structure of the task in both 
emotional suppression conditions, a SST was also performed as part of the EXP goal induction, 
but in this case participants were presented with 20 sentences containing only neutral words 
(“Neutral SST”; see Figure 5.1). 
 
Figure 5.1. Diagram of the protocol. The emotional suppression goal was induced in each participant both explicitly 
and implicitly, but the order of induction was counterbalanced across participants – i.e., those assigned to the explicit 
condition in the first part completed the implicit manipulation in the second part, and vice versa; each manipulation 
was preceded by its own baseline run. Negative and neutral images part of this figure are used only for illustration 
purposes, and do not represent the actual stimuli that participants viewed in the tasks. 
 
Recognition Memory Task. One week following the emotional rating task, participants 
performed a surprise memory task that tested recognition memory for the negative and neutral 
images presented as part of the emotional rating task. The task included a total of 360 images 
(180 in each emotional category) consisting of equal numbers of old (previously seen) and new 
(never seen before) images. Old and new images were equated with respect to their normative 
128 
 
valence scores. All images were displayed in grayscale for increased task difficulty (Dolcos et 
al., 2013). Each image was displayed on the screen for 4 s, and participants were asked to 
indicate by a button press, while the image was on the screen, whether the image had been 
previously seen during the emotional rating task (Old) or not (New). Following the Old/New 
decision, participants also rated the level of confidence (LOC) of their responses on a 3-point 
scale (1 = Low, 2 = Medium, 3 = High confidence) during the presentation of a prompt, which 
was displayed on the screen for 2 s. The LOC rating was followed by a fixation cross, presented 
on the screen for 2 s (Figure 5.1). 
 
Behavioral Data Analysis 
In the present study, our main goal was to clarify the effects of explicit and implicit 
emotional suppression on the immediate evaluation of and long-term memory for emotional 
(negative) stimuli, given the implications of this ER strategy for alleviating the impact of 
negative events (Dunn et al., 2009; Nørby, 2015). Our stimuli consisted of both negative and 
neutral images, although the latter were included primarily to avoid overall negative mood 
induction during the tasks (Ochsner et al., 2004). The immediate impact of emotional 
suppression on emotional ratings was measured by comparing the ratings between the two runs 
within each emotional suppression condition and its own baseline run (i.e., BASEEXP vs. EXP 
and BASEIMP vs. IMP), as well as by comparing the ratings between the two emotional 
suppression conditions (i.e., EXP vs. IMP). Responses in the memory task were classified into 
one of the four categories: (1) Hits (old images correctly identified as old), (2) Misses (old 
images incorrectly classified as new), (3) Correct Rejections (new images correctly classified as 
new), and (4) False Alarms (FAs, new images incorrectly classified as old). The long-term 
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impact of emotional suppression on episodic memory was measured by comparing across the 
experimental conditions raw proportions of Hits (hit rate) as well as d’, a measure of memory 
performance controlling for individual response bias (d’ = z[Hits] – z[FAs]). 
Unless otherwise noted, the behavioral effects of emotional suppression on emotional 
ratings and recognition memory were investigated using one-tailed hypothesis testing in the 
present study. This procedure was justified by our directional hypotheses, which were informed 
by previous studies consistently showing that the engagement of emotional suppression is 
associated with decreased, but not increased, ratings and/or memory for (emotional) stimuli 
(Binder et al., 2012; Dillon et al., 2007; Dunn et al., 2009; Goldin et al., 2008; Hayes et al., 2010; 
Richards & Gross, 1999, 2000, 2006). 
 
fMRI Data Acquisition, Preprocessing, and Analyses 
fMRI Data Acquisition and Preprocessing. fMRI data were recorded using a 1.5 T 
Siemens Sonata scanner, and consisted of a series of T2*-weighted images acquired axially, 
using an echoplanar sequence (repetition time [TR] = 2000 ms, echo time [TE] = 40 ms, field of 
view = 256 × 256 mm2, number of slices = 28, voxel size = 4 × 4 × 4 mm3, flip angle = 90°). All 
preprocessing and statistical analyses of fMRI data were performed using SPM12 (Wellcome 
Department of Cognitive Neurology, London, UK), along with in-house custom scripts written in 
MATLAB. During preprocessing, fMRI data were first corrected for differences in acquisition 
time between slices for each image. Second, each functional image was spatially realigned to the 
first image of each run to correct for head movement. Third, these images were transformed into 
the standard anatomical space defined by the Montreal Neurological Institute (MNI) template 
implemented in SPM12; no voxel resampling was performed at the spatial normalization step. 
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Finally, the normalized functional images were spatially smoothed using an 8mm Gaussian 
kernel, full-width-at-half-maximum (FWHM), to increase the signal-to-noise ratio. Statistical 
analyses of fMRI data were separately conducted to assess both the immediate (emotional 
ratings) and long-term (episodic memory) impact of emotional suppression (Dolcos et al., 
2004a), as described below. 
 Immediate Impact of Emotional Suppression. At the first level, each participant's 
preprocessed functional data were analyzed using an event-related design in the GLM 
framework. Evoked hemodynamic responses during the image presentation period in each trial 
were modeled by convolution with a canonical hemodynamic response function. The GLM 
included regressors for trials with negative images as the events of interest, separately for each 
run. In addition, trials with neutral images as well as six motion parameters calculated during 
spatial realignment for each run were also modeled as the events of no interest. These analyses 
generated contrast images identifying differential BOLD activation associated with the events of 
interest relative to baseline (fixation screens) for different runs within each participant. At the 
second level, paralleling the behavioral data analyses, the contrast images generated for each 
participant were analyzed by random-effects t-tests to identify brain regions showing differential 
BOLD activation between emotional suppression and baseline runs. 
 Long-Term Impact of Emotional Suppression. Analyses of the long-term impact of 
emotional suppression were performed in the GLM framework similarly to those of the 
immediate impact, except that we calculated the difference due to memory (Dm) effect for each 
condition based on each participant's memory performance (Paller & Wagner, 2002; Shafer, 
Iordan, Cabeza, & Dolcos, 2011). At the first level, trials with negative images were divided into 
subsequently remembered (Hits) and forgotten (Misses) trials and were modeled separately for 
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each run. Also included for each run in the GLM were regressors for trials with neutral images, 
trials with no responses, and six motion parameters calculated during spatial realignment as 
events of no interest. These analyses generated contrast images identifying differential BOLD 
activation associated with the events of interest relative to baseline (fixation screens) for each 
run. The Dm effect was then calculated for each experimental condition (e.g., BASEEXP Dm = 
BASEEXP Hits – BASEEXP Misses) for each participant. At the second level, the contrast images 
identifying the Dm effect for different runs within each participant were analyzed by random-
effects t-tests to identify brain regions showing differential BOLD activation linked to successful 
encoding between emotional suppression and baseline runs [e.g., (BASEEXP Hits – Misses) vs. 
(EXP Hits – Misses)]. 
 To further investigate modulation of functional interaction between brain regions 
identified by the above analyses of activation as showing significant differences in Dm effects 
across the experimental conditions, functional connectivity analyses were performed using the 
beta-series correlation method (Rissman et al., 2004), as implemented in the BASCO toolbox 
(Version 2.1; Gottlich et al., 2015). The seeds for connectivity analyses were defined as spheres 
with a 4mm radius centering around the peak voxels in the left AMY (Talairach coordinates: x = 
-23, y = -3, z = -18) and the right inferior frontal gyrus (IFG) (x = 47, y = 11, z = 24, BA 44) 
showing decreased Dm activity for explicit emotional suppression compared to the preceding 
baseline run. The inclusion of these regions as seeds was justified also based on independent 
studies identifying the involvement of these and similar regions in emotional episodic memory 
encoding (Dolcos et al., 2013; Murty et al., 2011; Ritchey et al., 2011) and in the engagement of 
emotional suppression (Goldin et al., 2008). 
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At the first level, a GLM was created in which the BOLD response during the image 
presentation period was modeled by convolution with a canonical hemodynamic response 
function individually by a separate covariate, producing different parameter estimates for each 
trial with a negative image for each participant. Trials with neutral images and six motion 
parameters calculated from spatial realignment for each run were also included in this GLM. 
Next, seed-based correlations were calculated voxel-wise for Hits and Misses for each 
participant. This procedure yielded an individual correlation map between each of the seed 
regions and all other voxels in the brain separately for each condition for each run, which was 
normalized using Fisher's z transformation.9 The Dm effect was then calculated for each 
experimental condition for each participant. At the second level, these individual correlation 
maps were entered into random-effects t-tests to identify voxels that showed changes in 
functional connectivity (measured by trial-by-trial variability in parameter estimates) with the 
seeds linked to successful emotional encoding between emotional suppression and baseline runs. 
In the present report, unless otherwise noted, we define ‘decreased connectivity’ as reduced 
functional connectivity in the explicit/implicit emotional suppression conditions relative to the 
preceding baseline runs. 
Finally, to identify brain regions whose functional connectivity with the seed regions was 
related to individual variation in memory performance across conditions, brain-behavior 
covariations were investigated by calculating between-subjects covariations between the BOLD 
response (parameter estimates) and memory performance for the relevant conditions. These 
                                                 
9 In the beta series correlation method originally described by Rissman et al. (2004), the Z-transformed correlation 
coefficients were divided by their known standard deviation, 
1
𝑁−3
, where N is the number of trials in a given 
condition. However, because our analyses of functional connectivity involved comparisons of conditions with 




analyses were restricted to brain regions identified as showing significant differences in 
functional connectivity from the analyses discussed above. For each significant cluster, mean 
parameter estimates were extracted and were submitted to bivariate correlation analyses to 
examine the relations between functional connectivity and memory performance in different 
conditions. 
In the present study, brain activity and connectivity were investigated in two ways – one 
at the level of the whole brain (using the group-level mask image generated in SPM, containing 
19,938 voxels) and another at the level of our ROIs within the MTL (610 voxels). The MTL ROI 
mask was created based primarily on the structural images for bilateral AMY, HC, and PHC 
from the Automated Anatomical Labeling Atlas (AAL, Tzourio-Mazoyer et al., 2002) in SPM, 
given our a priori hypotheses regarding the involvement of these regions in emotional memory 
encoding (Dolcos et al., 2017; Murty et al., 2011). A combination of whole-brain and ROI-based 
analyses has similarly been employed in recent studies of emotional memory from our group and 
from others (Dew, Ritchey, LaBar, & Cabeza, 2014; Dolcos et al., 2013; Kaneda et al., 2017; 
Shafer & Dolcos, 2012). Also following previous studies from our group (Dolcos et al., 2013; 
Shafer & Dolcos, 2014), these ROI images were used in conjunction with an in-house AMY 
mask to correct for inaccurate spatial coverage provided by the AAL mask. Specifically, the in-
house AMY mask is based on a synthesis of tracing criteria employed in previous publications 
(Dolcos et al., 2004b; Dolcos, LaBar, & Cabeza, 2005). These criteria were also the basis of a 
recent comprehensive protocol for manual segmentation of the MTL structures, which provides 
clear guidelines to identify their borders based on anatomical landmarks (Moore et al., 2014). 




Correction for multiple comparisons was conducted using the updated version (June 
2017) of the 3dFWHMx and 3dClustSim programs available as part of the AFNI software suite 
(Cox, 1996). First, we executed AFNI's 3dFWHMx using the “-acf” option on the residual time 
series resulting from each participant's GLM constructed in SPM (obtained from the model 
estimation step). This procedure yielded two sets of three estimated smoothness parameters per 
participant, one for the whole brain and the other within the MTL ROI mask only. Second, 
group-level mixed ACF model parameters were calculated by taking the average of these 
parameters across all participants included in the analyses. Finally, we executed 3dClustSim 
using these group-level smoothness parameters using the “-acf” option with 10,000 independent 
iterations (one-sided thresholding, NN =2). Results indicated that, for an uncorrected voxel-wise 
threshold of p < .005, 27 contiguous voxels (1728 mm3) for the whole brain and 5 contiguous 
voxels (320 mm3) within the MTL ROI mask would be needed to achieve a cluster-wise 




Descriptive statistics of the ratings and memory performance for both negative and 
neutral images in the experimental group are summarized in Table 5.1. 
Effect of Emotional Suppression on Emotional Ratings. As expected, emotional ratings 
for negative images were significantly reduced following the explicit induction of emotional 
suppression goal (M = 4.83, SD = 1.37) compared to the preceding baseline run (M =5.36, SD = 
1.18): t(16) = 2.02, p = .030. However, no significant difference was observed in the ratings 
following the implicit induction of emotional suppression goal (M = 5.22, SD = 1.21), compared 
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to its preceding baseline run (M = 5.21, SD = 1.27): t(16) = -0.01, p = .457. A direct comparison 
of the ratings between the two emotional suppression conditions identified a significant decrease 
for explicit compared to implicit emotional suppression: t(16) = -2.85, p = .006 (two-tailed) 
(Figure 5.2a). Regarding the ratings for neutral images during the baseline runs, they were 
significantly lower than those for negative images viewed in any condition (M = 1.67, SD = 0.42; 
t[16] > 10.15, p < .001, for all comparisons). In addition, analyses comparing the ratings between 
the experimental and control groups showed that the reduction in ratings was significantly larger 
in the former than in the latter group (Katsumi & Dolcos, 2018b). This suggests that the reduced 
emotional ratings observed in the experimental group were due to the explicit induction of 
emotional suppression to regulate emotional responses, and was not due to habituation following 
repeated exposure to emotional stimuli. Overall, these results partially confirm our first 
hypothesis and show that the explicit, but not implicit, induction of emotional suppression 
reduces emotional ratings of negative images. 
Effect of Emotional Suppression on Recognition Memory. Recognition memory (hit rate) 
was significantly reduced for negative images encoded following the explicit induction of 
emotional suppression (M = .71, SD = 0.18), compared to those encoded during its preceding 
baseline run (M = .78, SD = 0.49): t(16) = 1.84, p = .042. Similarly, memory reduction was also 
identified for images encoded following the implicit induction of emotional suppression (M = 
.72, SD = 0.14), compared to those encoded during its preceding baseline run (M = .79, SD = 
0.15): t(16) = 2.03, p = .029. A direct comparison of hit rate between the two emotional 
suppression conditions did not identify a significant difference: t(16) = -0.24, p = .816 (two-
tailed) (Figure 5.2b). Analyses of d’ yielded overall similar results, identifying memory 
reduction for images encoded following the explicit (BASEEXP: M = 1.63, SD = 0.77 vs. EXP: M 
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= 1.39, SD = 0.68; t[16] = 1.70, p = .054) and implicit (BASEIMP: M = 1.61, SD = 0.55 vs. IMP: 
M = 1.40, SD = 0.60; t[16] = 1.83, p = .043) induction of emotional suppression, but no 
difference between the two emotional suppression conditions (t[16] = -0.08, p = .935 [two-
tailed]). 
Regarding the memory performance for neutral images during the baseline runs, both hit 
rate (M = .66, SD = .11) and d’ (M = 1.34, SD = .63) were significantly lower than those for 
negative images viewed during the baseline runs: t(16) > 2.50, p < .012. Hit rate was also lower 
for these neutral images compared to negative images viewed following the induction of 
emotional suppression: t(16) = 2.20, p = .022. In addition, analyses comparing memory 
performance between the experimental and control groups showed that the reduction in memory 
was marginally larger in the former than in the latter group (Katsumi & Dolcos, 2018b). This 
suggests that the reduced memory performance observed in the experimental group was at least 
in part due to the induction of emotional suppression to regulate emotional responses, and was 
not merely due to habituation following repeated exposure to emotional stimuli. These findings 
confirm our second hypothesis and show that both explicit and implicit emotional suppression 






Figure 5.2. The immediate and long-term impact of emotional suppression. (A) Emotional ratings for negative 
images were significantly reduced following the explicit, but not implicit, induction of emotional suppression. (B) 
Delayed recognition memory was reduced for the images encoded following the explicit and implicit induction of 
emotional suppression relative to those encoded during the preceding baseline runs. Error bars indicate the standard 
error of the mean for each condition. BASEEXP = baseline run preceding the explicit induction of emotional 
suppression; EXP = runs following the explicit induction of emotional suppression; BASEIMP = baseline run preceding 
the implicit induction of emotional suppression; IMP = runs following the implicit induction of emotional suppression. 
*p < .05. 
 
fMRI Results 
Immediate Impact of Emotional Suppression. The explicit induction of the emotional 
suppression was associated with decreased activity in bilateral AMY during the evaluation of 
negative images, compared to its preceding baseline run (Figure 5.3 and Table 5.2); no brain 
regions were identified as showing significant activation differences in the reverse contrast. 
Moreover, no brain regions were identified as showing significant activation differences between 
the implicit induction of emotional suppression and its preceding baseline in either direction. 
Direct comparisons of brain activity associated with the explicit and implicit induction of 
emotional suppression identified regions including the right AMY and HC showing decreased 
activity for explicit compared to implicit emotional suppression (Table 5.2). Overall, these 
results partially confirm our third hypothesis and show that the explicit but not implicit induction 
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of emotional suppression was associated with decreased AMY activity during the evaluation of 
negative images, paralleling the behavioral effects. 
 
Figure 5.3. Decreased amygdala activity associated with the explicit induction of emotional suppression. The 
evaluation of negative images following the explicit induction of emotional suppression was associated with decreased 
activity in bilateral amygdala compared to the preceding baseline run. The bar graph on the right panel illustrates mean 
parameter estimates extracted from the right amygdala cluster. Error bars indicate the standard error of the mean for 
each condition. BASEEXP = baseline run preceding the explicit induction of emotional suppression; EXP = runs 
following the explicit induction of emotional suppression. 
 
Long-Term Impact of Emotional Suppression. The explicit induction of the emotional 
suppression was associated with decreased Dm activity in the left AMY, right IFG, and left 
middle/superior temporal gyrus and fusiform gyrus, compared to its preceding baseline run 
(Figure 5.4 and Table 5.3). No brain regions were identified as showing decreased Dm activity 
associated with the implicit induction of emotional suppression goal compared to its preceding 
baseline run. Finally, direct comparisons of Dm activity associated with the explicit and implicit 
induction of emotional suppression goals identified the inferior frontal gyrus (BA 9/44) and 





Figure 5.4. Decreased encoding-related activity in the amygdala and IFG following the explicit induction of 
emotional suppression. Successful memory encoding following the explicit induction of emotional suppression was 
associated with decreased activity in a host of brain regions, including the left amygdala and the right inferior frontal 
gyrus (BA 44), compared to the preceding baseline run. The bar graph on the right panel illustrates mean differences 
in brain activity (parameter estimates) for Hits vs. Misses each condition – i.e., “Dm” effect, extracted from the left 
amygdala cluster. Error bars indicate the standard error of the mean for each condition. AMY = amygdala; IFG = 
inferior frontal gyrus; BASEEXP = baseline run preceding the explicit induction of emotional suppression; EXP = runs 
following the explicit induction of emotional suppression. 
 
Based on the identification of the left AMY and right IFG showing significantly 
decreased Dm activity following the explicit induction of emotional suppression compared to the 
baseline run, we performed analyses of functional connectivity using as seeds peak activity in 
these regions independently identified from the activation analyses. Regarding the left AMY 
seed, decreased functional connectivity linked to successful encoding following the explicit 
induction of emotional suppression was identified in a host of brain regions including bilateral 
middle/inferior frontal gyri, cingulate gyrus, insula/superior temporal gyrus, HC, AMY, 
putamen, and thalamus. Regarding the right IFG seed, decreased functional connectivity linked 
to successful encoding following the explicit induction of emotional suppression was identified 
in regions including the posterior cingulate gyrus, cuneus, lingual gyrus, and bilateral HC. 
Interestingly, both seeds (left AMY and right IFG) showed decreased functional connectivity 
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with the left HC related to successful encoding following the explicit induction of emotional 
suppression (Table 5.4). 
Although no regions were identified as showing decreased Dm activity related to the 
implicit induction of emotional suppression compared to its preceding baseline run, analyses of 
functional connectivity were performed using the same left AMY and right IFG seeds described 
above to examine changes in their functional connectivity related to implicit emotional 
suppression. Results identified similarly decreased functional connectivity between these seeds 
with the left HC (Figure 5.5a and Table 5.4). Finally, analyses of brain-behavior covariation 
showed that functional connectivity within the left MTL (AMY-HC) linked to successful 
encoding was significantly modulated by the explicit but not implicit induction of emotional 
suppression. More specifically, the strength of left AMY-HC functional connectivity linked to 
successful encoding predicted memory performance during the baseline runs as well as after the 
implicit induction of emotional suppression. However, this relationship was not observed 









Figure 5.5. Decreased encoding-related functional connectivity between the AMY and HC linked to emotional 
suppression. (A) Both the explicit and implicit induction of emotional suppression was associated with decreased 
functional connectivity between the left AMY and HC related to successful encoding. (B) The scatter plots represent 
between-subjects covariation of the strength of successful encoding-related (Dm) functional connectivity between the 
left AMY and HC (x-axis) and subsequent memory performance (y-axis). AMY-HC Dm functional connectivity 
predicted subsequent memory for images encoded during the baseline runs as well as following the implicit induction 
of emotional suppression, but not the explicit induction of emotional suppression. For visualization purposes, the 
AMY-HC functional connectivity and memory performance were averaged across the two baseline runs. BASEEXP = 
baseline run preceding the explicit induction of emotional suppression; EXP = runs following the explicit induction 
of emotional suppression; BASEIMP = baseline run preceding the implicit induction of emotional suppression; IMP = 
runs following the implicit induction of emotional suppression. 
 
Taken together, these findings partially confirm our fourth hypothesis and show that the 
explicit induction of emotional suppression was associated with decreased memory-related 
activity in regions typically involved in emotional memory encoding, including the AMY, HC, 
and IFG, whereas the implicit induction of emotional suppression was not associated with 
significant reduction in Dm activity in these regions. However, both the explicit and implicit 
induction of emotional suppression was associated with decreased functional connectivity linked 
to successful encoding, and the strength of AMY-HC connectivity no longer predicted 








The present study provides evidence regarding the neural mechanisms associated with the 
effects of explicit and implicit suppression on emotional experience and episodic memory. To 
our knowledge, this is the first empirical study investigating the neural correlates of both 
immediate and long-term effects of the explicit and implicit forms of this ER strategy within the 
same sample. The main findings are discussed in turn below. 
 
Behavioral Results: Effect of Emotional Suppression on Emotional Ratings 
 First, our results identified reduced subjective ratings of negative images following the 
explicit induction of emotional suppression relative to the preceding baseline run. This is 
consistent with previous evidence from the studies using similar task instructions, and thus 
confirms the effect of emotional suppression on down-regulating negative emotional experience 
when explicitly instructed to do so (Binder et al., 2012; Dunn et al., 2009; Goldin et al., 2008; 
Hayes et al., 2010). However, the implicit induction of emotional suppression did not result in 
the reduction of emotional ratings compared to the preceding baseline run as previously reported 
by others (e.g., Mauss, Cook, et al., 2007). One possible explanation for this inconsistency is 
related to differences in the experimental conditions included in the analyses. More specifically, 
the results reported by Mauss and colleagues (2007) regarding the differences in emotional 
experience were based on comparing subjective emotional ratings following the emotional 
control priming vs. the emotional expression priming, the latter of which required participants to 
unscramble sentences with words conveying the idea of emotional expression (e.g., “volatile”, 
“feel”, and “boiled”). Therefore, it is possible that Mauss et al.’s (2007) emotion expression 
priming resulted in significant up-regulation of immediate emotional experience, which overall 
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contributed to the differences in ratings between this condition and the emotional control priming 
condition. Consistent with this idea, a study examining the effects of explicit and implicit 
cognitive reappraisal (an ER strategy involving attempts to change the meaning of 
stimuli/situations Gross, 2008) showed that only explicit but not implicit reappraisal reduced the 
negative emotional experience relative to the condition with neutral priming (Yuan et al., 2015). 
However, implicit reappraisal showed the same decrease in heart-rate reactivity as explicit 
reappraisal (Yuan et al., 2015). This suggests that, for subjective emotional ratings, the effect of 
implicit emotional suppression (induced via priming) may not emerge when compared to passive 
viewing. 
 
Behavioral Results: Effect of Emotional Suppression on Episodic Memory 
Our findings show that recognition memory performance was significantly reduced for 
stimuli encoded following both the explicit and implicit induction of emotional suppression 
compared to those encoded during the preceding baseline runs. These results are overall 
consistent with previous evidence identifying the memory-reducing effect of deliberate 
emotional suppression (Binder et al., 2012; Dillon et al., 2007; Dunn et al., 2009; Hayes et al., 
2010; Richards & Gross, 1999, 2000), and further demonstrate comparable efficacy of implicit 
emotional suppression in reducing subsequent memory. Importantly, these findings advance our 
understanding of the effects of implicit or spontaneous ER on episodic memory, for which 
available evidence is still scarce (e.g., Egloff et al., 2006). It has been suggested that, because of 
its emphasis on inhibiting the external expression (and/or internal experience) of emotion, 
engaging emotional suppression diverts attention away from the to-be-encoded material, thus 
resulting in reduced stimulus elaboration that would otherwise help facilitate the encoding 
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process (Dillon et al., 2007; Hayes et al., 2010). This interpretation is also consistent with prior 
evidence based on eye-tracking data showing that emotional suppression was associated with 
decreased proportions of fixations on emotional aspects of the stimuli than cognitive reappraisal 
(Bebko et al., 2011). More research is necessary to further examine the link between 
explicit/implicit emotional suppression and attentional deployment using eye-tracking, and 
clarify how modulation of attention by suppression relates to subsequent memory. 
One potentially interesting aspect related to the present memory findings concerns the 
role of the SST. In the present study, participants always performed the SST following a baseline 
run, once with the words conveying the idea of ER (in the IMP condition) and another with 
neutral words only (i.e., SSTNeu, in the EXP condition). Because the SSTNeu was not performed 
before the baseline runs, it remains unclear to what extent the observed reduction in memory 
between the baseline vs. emotional suppression runs can be accounted for by the SSTNeu alone. 
However, previous studies have identified no difference in memory performance between groups 
of young adults regardless of whether they had performed SSTNeu prior to a memory test or not 
(Geraci & Miller, 2013). Therefore, it is unlikely that the observed difference in memory 
between the baseline and emotional suppression runs was merely due to performing the SST 
between the two runs. 
 
fMRI Results: Immediate Impact of Emotional Suppression 
Paralleling the behavioral results regarding the emotional ratings, our fMRI results 
identified decreased activity in bilateral AMY during the evaluation of negative images 
following the explicit but not implicit induction of emotional suppression compared to the 
baseline run. These findings are consistent with previous studies identifying decreased AMY 
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activity associated with the engagement of emotional suppression during the evaluation of visual 
emotional stimuli (Dorfel et al., 2014; Hayes et al., 2010; Ohira et al., 2006; but see Goldin et al., 
2008). Also mirroring the behavioral results, the implicit induction of emotional suppression was 
not associated with significant differences in brain activity during the evaluation of negative 
images compared to the preceding baseline run. One possible explanation for this result concerns 
potential differences in timing at which explicit and implicit ER may take effect. Because 
implicit ER is by definition relatively more automatic than its explicit counterpart (Gyurak et al., 
2011; Koole et al., 2015), it is possible that the former modulates the mechanisms of emotion 
processing faster than the latter. In support of this idea, a recent study using event-related 
potentials (ERPs) has shown that implicit ER (via priming by control-related words) was 
associated with modulation of ERPs during early perceptual processing (N170, peaking at 
around 170 ms post-stimulus), but not during the later evaluation of negative emotional stimuli 
(late positive potential [LPP], peaking at around 600 ms post-stimulus), compared to the 
condition with neutral priming (Wang & Li, 2017). This finding, along with evidence identifying 
modulation of the LPP by explicit ER (Hajcak & Nieuwenhuis, 2006; Paul, Simon, Kniesche, 
Kathmann, & Endrass, 2013), highlight the importance of using tools with high temporal 
resolution in future studies examining the effects of explicit and implicit emotional suppression. 
Related to this point, a recent fMRI study using implicit priming via the SST failed to observe 
significant differences in neural activity associated with the processing of social vs. non-social 
stimuli (Powers & Heatherton, 2013). The authors suggest that some effects of implicit priming 
might be too subtle to detect in the MRI environment. This evidence, again, emphasizes the need 
to examine the mechanisms of explicit and implicit ER using a multitude of behavioral and 
neural/physiological assessment tools in future research. 
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fMRI Results: Long-Term Impact of Emotional Suppression 
 Finally, our results identified decreased activity linked to successful encoding in brain 
regions including the left AMY and right IFG, along with temporal and occipital cortical regions 
following the explicit induction of emotional suppression relative to the preceding baseline run. 
These findings are overall consistent with previous evidence identifying the involvement of these 
regions in emotional memory encoding (Dolcos, Denkova, et al., 2012; Dolcos et al., 2017; 
LaBar & Cabeza, 2006; Murty et al., 2011). Of note, given that both the left AMY and right IFG 
showed suppression-related reduction in Dm activity, our results suggest that the engagement of 
explicit emotional suppression diminishes both the MTL-based and PFC-based mechanisms that 
have been previously implicated in emotional memory encoding (Dolcos et al., 2004a, 2004b; 
Kaneda et al., 2017; Ritchey et al., 2011). One possibility is that the engagement of explicit 
emotional suppression requires resources to inhibit the external expression and internal 
experience of emotional responses, which might have led to overall decreased availability of 
resources for memory encoding (Binder et al., 2012). In contrast, despite the fact that the implicit 
induction of emotional suppression was associated with reduced subsequent memory, no regions 
were identified as showing significantly decreased Dm activity compared to the preceding 
baseline run. However, our analyses of functional connectivity showed that both the explicit and 
implicit induction of emotional suppression was associated with decreased memory-related 
functional connectivity involving the left AMY and right IFG, compared to the preceding 
baseline runs. 
 The few fMRI studies examining the impact of emotional suppression on episodic 
memory have demonstrated that this ER strategy modulates the interaction of brain regions 
typically involved in episodic encoding (Binder et al., 2012; Hayes et al., 2010). Regarding the 
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MTL-based mechanisms, the engagement of emotional suppression decreased co-activation of 
the AMY and HC linked to successful encoding relative to passive viewing (Hayes et al., 2010). 
Similarly, regarding the PFC-based mechanisms, emotional suppression was associated with 
decreased functional connectivity between the HC and dlPFC linked to successful encoding 
compared to passive viewing (Binder et al., 2012). Our connectivity results are consistent with 
evidence identified in both of these studies, and lend support to the idea that the explicit and 
implicit induction of emotional suppression goals reduces subsequent memory, at least in part, 
by interfering with the interaction of brain regions part of MTL-based and PFC-based 
mechanisms involved in episodic memory encoding. 
Furthermore, in the context of similar effects on encoding-related functional connectivity 
by explicit and implicit emotional suppression, our results also identified dissociable effects 
concerning brain-behavior covariation. In particular, although encoding-related connectivity 
between the left AMY and HC predicted subsequent memory during the baseline runs and 
following the implicit induction of emotional suppression, the explicit induction of emotional 
suppression diminished this effect. This suggests that explicit emotional suppression reduces not 
only the overall quantity (magnitude) but also the quality of AMY-HC interactions important for 
emotional memory formation (Dolcos et al., 2017; LaBar & Cabeza, 2006), to the extent that 
greater interactions of these regions during the engagement of explicit emotional suppression are 
not related to enhanced subsequent memory. This finding is consistent with previous evidence 
showing that, although HC-dlPFC functional connectivity predicted subsequent memory for 
image stimuli encoded during passive viewing, the engagement of explicit emotional suppression 
diminished this effect (Binder et al., 2012). Taken together, our results extend current evidence 
and suggest that, whereas both explicit and implicit emotional suppression similarly reduce 
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subsequent memory, explicit emotional suppression may uniquely exert interference over neural 
interactions critical for memory encoding. 
 
Limitations 
The following limitations of the present study should be acknowledged. First, one major 
limitation is that it identified evidence for the neural mechanisms associated with explicit and 
implicit emotional suppression based only on negative stimuli. Although this approach to 
examine within-valence effects of ER (as opposed to examining valence-based interaction effects 
by factoring in neutral stimuli) appears to be the norm in the larger functional neuroimaging 
literature on this topic to date, it remains largely an open question the extent to which emotional 
suppression exerts its effects specifically by influencing emotion-related processes or by way of 
other mechanisms involved in visual information processing in general. On the one hand, given 
that similar regions (left AMY and right IFG) have been previously identified as showing 
increased memory-related activity by valence (i.e., emotional vs. neutral remembered items; 
Dolcos et al., 2013), it is possible that the present findings identifying modulation of activity in 
these regions by suppression are linked at least in part to processes related to “emotional” 
memory encoding. On the other hand, it is also possible that differential activity in these areas is 
not specific to encoding of emotional stimuli per se. Instead, this might be more generally related 
to other mechanisms such as the engagement of attentional processes, the degree of which might 
influence episodic encoding regardless of stimulus valence (e.g., reduced stimulus encoding by 
divided attention; Buckner, Kelley, & Petersen, 1999). In light of this limitation, future research 
should employ task paradigms that would allow further examination of the role of stimulus 
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valence, and clarify what mechanisms are commonly and differentially engaged by emotional vs. 
neutral stimuli. 
Second, the present study manipulated emotional suppression using a within-subject 
design, in which each participant was exposed to both the explicit and implicit emotional 
suppression condition. Although this design allowed us to incorporate the implicit induction of 
emotional suppression, and also to overcome possible limitations previously identified in 
between-subjects designs (Binder et al., 2012), it is possible that the induction of the first 
emotional suppression had carried over to the subsequent runs (e.g., the second baseline run). A 
similar issue has been identified in previous neuroimaging studies of “uninstructed” ER, in the 
context of trial-by-trial manipulations of ER conditions (Silvers et al., 2015). In the present 
study, analyses of fMRI and behavioral data related to negative images comparing the two 
baseline runs did not yield similar results as those of the main analyses. This suggests that the 
impact of the possible carry-over effect was minimal on processing of these stimuli (probably 
due to cautions taken by counterbalancing the order of ER goal induction across participants). 
However, it is also possible that this effect may be modulated by the stimulus valence, as 
suggested by our behavioral results regarding neutral stimuli (see Table 5.1), and future research 
should further clarify this issue in light of the caveat discussed above. One possibility is to use 
mixed designs assessing brain activity both within (comparing pre- and post-ER goal induction) 
and between (comparing explicit vs. implicit inductions) groups. 
Finally, it is important for future studies to explore further the immediate and long-term 
impact of emotional suppression using larger and more diverse subject samples. Such 
investigations might allow clarification of the role of individual differences in modulating the 
effect of emotional suppression (e.g., Butler et al., 2007; Denkova, Dolcos, & Dolcos, 2012; 
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Emery & Hess, 2011; Schmeichel, Volokhov, & Demaree, 2008), and how it might relate to 
long(er)-term consequences on psychological well-being. It has been suggested that emotional 
suppression (particularly expressive suppression) is a relatively maladaptive form of ER, as its 
habitual use has been linked to increased vulnerability to symptoms of emotional dysregulation 
(Aldao & Nolen-Hoeksema, 2012; Llewellyn et al., 2013). However, these findings seem 
counterintuitive when compared to the memory-reducing effects of emotional suppression as 
identified in the present study and by others, because this ER strategy may actually help alleviate 
the impact of unwanted memories for distressing events both in healthy functioning and in 
affective disturbances, such as depression and post-traumatic stress disorder (Dolcos, 2013; 
Hayes et al., 2011). In fact, some researchers have posited that emotional suppression, involving 
both the inhibition of external expression and internal experience of emotions, may be an 
adaptive ER strategy, at least in healthy individuals (Dunn et al., 2009). Future research should 
clarify how measures of explicit and implicit emotional suppression, broadly defined, relate to 
individual differences in emotional experiences in everyday life, and how such relations may in 
turn predict symptoms of affective disturbances in healthy and clinical populations (see also 
Kupper, Benoit, Dalgleish, & Anderson, 2014). 
 
Conclusions 
Despite the limitations mentioned above, the present study makes novel contributions to 
the literature on the neural correlates of explicit and implicit ER. By using an experimental 
paradigm assessing both immediate and long-term consequences of emotional suppression, the 
present study sheds light on how the two forms of emotional suppression similarly or 
differentially modulate emotional ratings and episodic memory, at the level of behavioral and 
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neural responses. Evidence provided by behavioral assessments shows that explicit emotional 
suppression reduced the subjective emotional ratings of negative images, whereas both forms of 
emotional suppression reduced subsequent memory. Mirroring these behavioral findings, fMRI 
results demonstrated that only explicit emotional suppression was associated with decreased 
activity in the AMY during the evaluation of negative images, but both forms of emotional 
suppression were associated with overall reduced functional connectivity involving brain regions 
implicated in emotional memory encoding (AMY and IFG). In the context of overall similar 
effects on memory-related changes in functional connectivity, explicit emotional suppression 
was uniquely associated with altered AMY-HC interactions, to the extent that greater AMY-HC 
interactions during the explicit engagement of emotional suppression were not related to 
enhanced subsequent memory. Taken together, these findings advance our understanding of the 
mechanisms associated with the effects of explicit vs. implicit emotional suppression, and 













Table 5.1. Descriptive statistics of emotional ratings and recognition memory for negative and neutral images 
in the experimental group. Values preceding and within parentheses denote the means and standard deviations, 
respectively. BASEEXP, baseline run preceding the explicit induction of emotional suppression goal; EXP, runs 
following the explicit induction of emotional suppression goal; BASEIMP, baseline run preceding the implicit induction 
of emotional suppression goal; IMP, runs following the implicit induction of emotional suppression goal. 
    BASEEXP EXP BASEIMP IMP 
Emotional Ratings     
 Negative 5.36 (1.18) 4.83 (1.37) 5.21 (1.27) 5.22 (1.21) 




Memory (hit rate)     
 Negative 0.78 (0.49) 0.71 (0.18) 0.79 (0.15) 0.72 (0.14) 





Table 5.2. Brain regions showing the immediate impact of the induction of emotional suppression during 
emotional ratings. This table identifies brain regions showing differential activity between the experimental 
conditions during emotional ratings. All clusters reported in this table meet the significance threshold determined 
based on a Monte Carlo simulation, corrected for multiple comparisons at p < .05 (see Methods). BA, Brodmann’s 
area; L, left; R, right; BASEEXP, baseline run preceding the explicit induction of emotional suppression; EXP, runs 
following the explicit induction of emotional suppression; BASEIMP, baseline run preceding the implicit induction of 
emotional suppression; IMP, runs following the implicit induction of emotional suppression. 
                    
Brain Region Side BA 
Talairach peak coordinates 
t Voxels 
Volume 
(mm3) x y z 
BASEEXP > EXP         
 Amygdala L 
 -23 -4 -11 3.05 6 384 
 Amygdala R 
 18 -8 -11 5.95 66 4224 
 Parahippocampal gyrus R 35 14 -26 -12 4.05 
  
          
EXP > BASEEXP 
        
 No suprathreshold voxels. 
       
          
BASEIMP > IMP, IMP > BASEIMP 
       
 No suprathreshold voxels. 
       
          
EXP > IMP         
 No suprathreshold voxels. 
       
          
IMP > EXP         
 Amygdala R 
 25 -4 -14 3.19 49 3136 
 Hippocampus R 
 33 -11 -14 4.33   
 Putamen R  29 -9 -3 4.34   
                    












Table 5.3. Brain regions showing the long-term impact of the induction of emotional suppression. This table 
identifies brain regions showing significant differences in Dm activity (i.e., differential activity for remembered vs. 
forgotten trials) between the experimental conditions. All clusters reported in this table meet the significance threshold 
determined based on a Monte Carlo simulation, corrected for multiple comparisons at p < .05 (see Methods). BA, 
Brodmann’s area; L, left; R, right; BASEEXP, baseline run preceding the explicit induction of emotional suppression; 
EXP, runs following the explicit induction of emotional suppression; BASEIMP, baseline run preceding the implicit 
induction of emotional suppression; IMP, runs following the implicit induction of emotional suppression. 
 
                   
Brain Region Side BA 
Talairach peak 
coordinates t Voxels 
Volume 
(mm3) 
x y z 
BASEEXP > EXP         
Frontal cortex         
 Inferior frontal gyrus R 44 47 11 24 4.09 33 2112 
 Inferior frontal gyrus R 6 47 -4 26 4.76   
Medial temporal cortex         
 Amygdala L  -23 -3 -18 3.79 8 512 
Lateral temporo-occipital cortex        
 Middle temporal gyrus L 21 -46 -43 3 4.37 33 2112 
 Middle temporal gyrus L 39 -53 -58 5 3.39   
 Superior temporal gyrus L 22 -57 -39 3 3.45   
 Fusiform gyrus L 37 -45 -37 -14 3.98 27 1728 
 Declive L  -31 -56 -20 4.07             
EXP > BASEEXP         
 No suprathreshold voxels.                   
BASEIMP > IMP         
 No suprathreshold voxels.                   
IMP > BASEIMP         
Lateral parieto-temporal cortex        
 Insula L 13 -31 -25 16 6.36 51 3264 
 Postcentral gyrus L 1 -57 -18 20 4.66   
 Precentral gyrus L 4 -53 -15 27 4.03   
 Inferior parietal lobule L 40 -61 -26 26 4.43   
          
EXP > IMP         
 No suprathreshold voxels.                   
IMP > EXP         
Frontal cortex         
 Inferior frontal gyrus L 9 -42 -3 21 4.78 35 2240 
 Inferior frontal gyrus L 44 -53 12 15 3.77   
Subcortical         
 Thalamus L  -12 -11 17 4.33 27 1728 
                    









Table 5.4. Medial temporal lobe regions showing the long-term impact of emotional suppression on functional 
connectivity with the AMY and IFG. This table identifies brain regions within the medial temporal lobe showing 
significant differences in Dm functional connectivity (i.e., differential connectivity for remembered vs. forgotten 
trials) with the left amygdala seed (x = -23, y = -3, z = -18) and the right inferior frontal gyrus seed (x = 47, y = 11, z 
= 24, BA 44), both of which were identified as showing significantly reduced Dm activity following the explicit 
induction of emotional suppression compared to the preceding baseline run. All clusters reported in this table meet 
the significance threshold determined based on a Monte Carlo simulation, corrected for multiple comparisons at p < 
.05 (see Methods). BA, Brodmann’s area; L, left; R, right; AMY, amygdala; IFG, inferior frontal gyrus; BASEEXP, 
baseline run preceding the explicit induction of emotional suppression; EXP, runs following the explicit induction of 
emotional suppression; BASEIMP, baseline run preceding the implicit induction of emotional suppression; IMP, runs 
following the implicit induction of emotional suppression. 
 
                   
Brain Region Side BA 
Talairach peak 
coordinates t Voxels 
Volume 
(mm3) 
x y z 
BASEEXP > EXP      
  
 
L AMY seed         
 Hippocampus R  18 -12 -11 5.51 35 2240 
 Parahippocampal gyrus R 27 17 -31 -2 5.78 14 896 
  R 19 17 -43 -3 3.80   
 Amygdala L  -23 -8 -8 4.96 30 1920 
 Parahippocampal gyrus L 35 -19 -34 -10 3.90   
 Hippocampus L  -27 -23 -9 3.44   
          
R IFG seed      
  
 
 Hippocampus L  -31 -15 -9 5.47 10 640 
 Hippocampus R  14 -8 -11 3.72 5 320           
BASEIMP > IMP      
  
 
L AMY seed      
  
 
 Hippocampus L  -19 -11 -12 6.84 16 768 
 Parahippocampal gyrus R 34 18 -11 -18 4.85 5 320 
       
  
 
R IFG seed      
  
 
 Amygdala L  -23 -4 -14 4.82 14 896 
 Hippocampus R  25 -39 -3 4.18 8 512 
                    









Aging is typically associated with declines in various domains of cognitive function, and 
these declines are linked to alterations in the anatomical (Fjell et al., 2009; Raz et al., 2010; Raz 
et al., 2005) and physiological (Fabiani, 2012; Reuter-Lorenz & Park, 2014) properties of 
specific brain structures. At the same time, however, older adults often show improved emotional 
function and well-being compared to their younger counterparts (Mather, 2012, 2016). As a 
possible explanation for this “paradox” of emotion in aging, research emphasizes the role of 
habitual emotion regulation (ER) in older adults’ emotion processing, possibly subserved by 
preserved bottom-up and enhanced top-down mechanisms involved in emotion processing and 
regulation (Dolcos, Denkova, et al., 2012; Dolcos et al., 2017; Dolcos et al., 2014; Nashiro, 
Sakaki, & Mather, 2012; St Jacques, Dolcos, & Cabeza, 2010). However, it remains unclear 
whether younger and older adults can benefit similarly from being instructed or primed to use 
specific ER strategies, and what the associated neural mechanisms are. To fill this important gap 
in the literature, the present study investigated the immediate and long-terms effects of emotional 
suppression as an ER strategy, while healthy younger and older adults underwent brain imaging 
scanning using fMRI. 
 
 
                                                 
10 A version of this chapter is under review for publication as: Katsumi*, Y., Dolcos*, S., Dixon, R. A., Fabiani, M., 
Stine-Morrow, E. A. L., & Dolcos, F. Immediate and Long-Term Effects of Emotional Suppression in Aging:  A 




Age-Related Changes in Emotion Processing linked to Spontaneous Emotion Regulation 
 In the context of overall preserved or sometimes even improved emotional function in 
aging, considerable evidence supports the existence of an age-related positivity effect in 
emotional perception, attention, and memory. Specifically, older adults tend to pay greater 
attention to and remember more positive information while showing reduced processing of 
negative information compared to younger adults (Mather, 2016; Reed & Carstensen, 2012; 
Reed, Chan, & Mikels, 2014; but see Schweizer, Stretton, van Belle, Calder, & Dalgleish, 2018), 
an effect shown to be dependent on the availability of resources for top-down cognitive control 
(Charles, 2010; Isaacowitz & Blanchard-Fields, 2012). The Socioemotional Selectivity Theory 
(Carstensen, 2003), an influential account of the age-related positivity effect, explains that older 
adults’ preference for positive over negative information is driven in part by their prioritization 
of present-focused motivational goals related to emotional meaning and satisfaction, which in 
turn enhances their well-being. This suggests that age-related differences in emotion processing 
occur as a function of differential engagement of top-down mechanisms, associated with ER 
strategies, that allow older adults to spontaneously cope with emotional challenges (Dolcos, 
Denkova, et al., 2012; Dolcos et al., 2017; Dolcos et al., 2014; Mather & Carstensen, 2005; St 
Jacques et al., 2010). 
 The age-related top-down modulation in emotion processing is supported by relatively 
preserved bottom-up processing of emotional stimuli in healthy aging (Dolcos et al., 2014; 
Kensinger & Leclerc, 2009; Mather & Knight, 2006; St Jacques et al., 2010; van Reekum et al., 
2018). This is suggested by evidence showing similar engagement of the AMY in younger and 
older adults, and a relatively reduced age-related structural decline in this region compared to 
other brain regions, including the PFC (e.g., Jiang et al., 2014). Furthermore, previous studies of 
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emotional perception have identified increased engagement of the mPFC and ACC while 
viewing negative vs. neutral and positive vs. negative stimuli in older adults (Gunning-Dixon et 
al., 2003; Leclerc & Kensinger, 2008; Nashiro et al., 2012; St Jacques et al., 2010), compared to 
younger adults. These findings, along with evidence pointing to chronic activation of ER goals in 
aging (Dolcos et al., 2014; Gross et al., 1997; Mather & Knight, 2005), suggest that the greater 
activity in the mPFC/ACC typically observed in older adults’ emotion perception reflects 
enhanced habitual engagement of ER strategies in this age group. 
Interestingly, the PFC is also where age-related atrophy has been consistently identified, 
although some subregional specificity seems to exist (Fjell et al., 2009; Raz, 2000). In particular, 
relative to other brain areas, gray matter volume in the lateral PFC shows the largest reduction 
with the highest rate of decline as a function of age (Raz et al., 2004). Similarly, a negative 
relation between age and cortical thickness has been shown in the lateral PFC regions, but not in 
parts of the medial frontal cortex including the mPFC and ACC (Fjell et al., 2009). In addition, 
anatomical studies have shown that the majority of the afferent fibers to the AMY originate from 
the orbitofrontal and mPFC areas (e.g., Carmichael & Price, 1995; Ghashghaei & Barbas, 2002), 
hence suggesting the presence of a more direct route for possible modulation of AMY activity 
compared to lateral PFC. It is plausible that, because of such age-related substrate changes, older 
adults might rely more on the medial than lateral frontal regions in processing emotional 
information and regulating the associated emotional responses. Indeed, functional neuroimaging 
evidence demonstrates that, compared to younger adults, older adults showed greater functional 
connectivity between mPFC/ACC and AMY during processing of negatively-valenced stimuli 
(St Jacques et al., 2010), and activity in similar medial frontal areas was also negatively 
associated with emotional ratings of unpleasant stimuli in older adults (Dolcos et al., 2014). 
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More recently, age was identified as being negatively associated with ventrolateral PFC (vlPFC) 
activity and positively with mPFC activity during negative picture viewing (van Reekum et al., 
2018). Notably, regardless of age groups, mPFC activity during negative picture viewing was 
negatively associated with gray matter volume in the vlPFC, suggesting that structural decline in 
the lateral PFC is linked to a task-related functional increase in the mPFC (van Reekum et al., 
2018). Taken together, these lines of evidence converge on the idea that advancing age is 
associated with a lateral-to-medial shift in the prefrontal engagement during emotion processing. 
This effect might reflect a compensatory change (cf. Reuter-Lorenz & Park, 2010) as a result of 
structural decline in the lateral PFC, making it more likely for older adults to engage mPFC-
dependent mechanisms in ER. By virtue of a more direct anatomical link between the mPFC and 
AMY, older adults’ ER may in turn become more habitual, leading to preservation of or even 
improvement in emotional functioning. 
 
Effects of Aging in the Impact of Instructed Emotion Regulation  
 Age differences have been identified not only with respect to spontaneous/implicit 
emotion processing and regulation, but also in the effect of instructed/explicit ER, which has 
been mainly used to investigate immediate effects of regulation (e.g., Allard & Kensinger, 
2014a; Allard & Kensinger, 2014b; Urry et al., 2006; Winecoff, Labar, Madden, Cabeza, & 
Huettel, 2011). Although less examined, clarification of the long-term effects of ER (reviewed in 
Dolcos et al., 2017) is equally important because emotional information can have both common 
and dissociable impact on immediate (e.g., perception) and long-term (e.g., episodic memory) 
processes (Dolcos & Denkova, 2014, 2015). To date, studies examining the effects of instructed 
ER have most commonly focused on two ER strategies - cognitive reappraisal (attempts to 
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change the meaning of a situation/stimulus; Gross, 2008) and emotional suppression (attempts to 
inhibit the external expression and/or internal experience of emotion; Gross, 2008; Webb et al., 
2012).  
In general, older adults are less successful than younger adults in using cognitive 
reappraisal to inhibit the immediate negative emotional responses when explicitly instructed to 
do so (Liang, Huo, Kennison, & Zhou, 2017; Opitz, Rauch, Terry, & Urry, 2012; Shiota & 
Levenson, 2009). This finding may in part be driven by age-related declines in working memory 
capacity (Fabiani, 2012), particularly for reappraisal tasks that impose time pressure, and thus 
require effortful responses. This is consistent with evidence that when older adults are given the 
freedom to choose their preferred strategy they are less likely to use reappraisal and are more 
likely to use other strategies (e.g., cognitive distraction) as their primary means to regulate 
emotions (Scheibe, Sheppes, & Staudinger, 2015; Urry & Gross, 2010). Regarding the effect of 
emotional suppression, a few studies have shown that older adults are as successful as younger 
adults in using this strategy when instructed to inhibit the outward expressions and/or subjective 
experience of emotion (Lohani & Isaacowitz, 2014; Phillips, Henry, Hosie, & Milne, 2008; 
Shiota & Levenson, 2009). There is also evidence suggesting that older adults are more likely 
than younger adults to habitually engage in emotional suppression (Brummer, Stopa, & Bucks, 
2014). 
Turning to long-term effects of ER, previous studies have shown that engaging 
reappraisal and suppression tend to facilitate vs. inhibit successful memory encoding in young 
adults, respectively (Dillon et al., 2007; Hayes et al., 2010; also reviewed in Dolcos et al., 2017). 
To our knowledge, only one published study has examined the impact of instructed emotional 
suppression on episodic memory in aging (Emery & Hess, 2011). This study showed similar 
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effects of suppression on the immediate emotional expressions in both younger and older adults, 
but reduced subsequent memory performance following suppression only in the younger adults. 
The authors interpreted this finding as reflecting different strategies used by younger and older 
adults to inhibit outward emotional expressions, possibly linked to age-related differences in the 
engagement of inhibitory mechanisms. Suppression has been commonly conceptualized as a 
relatively maladaptive ER strategy based on the impact of these strategies on immediate 
cognitive, affective, and physiological responses as well as on long-term well-being (Gross, 
1998a, 2015; Gross & John, 2003; Llewellyn et al., 2013). However, recent studies have 
demonstrated age-related differences in the impact of emotional suppression: whereas in younger 
and middle-aged adults the dispositional use of suppression was positively associated with 
psychological distress, in older adults the greater use of emotional suppression was not 
accompanied by the negative outcomes observed in the younger age groups (Brummer et al., 
2014; Peng, Tian, Jex, & Chen, 2017; Yeung & Fung, 2012; but see Nolen-Hoeksema & Aldao, 
2011). This suggests the intriguing possibility that emotional suppression may in fact be an 
adaptive and useful ER strategy for older adults. 
In this context, clarification of potential age differences in the neurobehavioral 
mechanisms associated with the engagement of emotional suppression would be important in 
better understanding the efficacy of this ER strategy in real-life situations. Despite the evidence 
identifying both common and dissociable behavioral effects of instructed suppression in younger 
and older adults, there is little evidence regarding the neural correlates of this specific ER 
strategy in healthy aging. Hence, one goal of the present study was to clarify this issue by 
comparing brain activity associated with both immediate and long-term effects of emotional 
suppression in younger and older adults.   
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Role of Explicit vs. Implicit Induction of the Goal to Suppress Emotion  
 Another important issue in ER research concerns the role of explicit vs. implicit forms of 
ER (Braunstein et al., 2017; Gyurak et al., 2011; Koole et al., 2015). Goals to regulate emotions 
may be pursued through explicit, effortful, and deliberate attempts, or they may be implicitly 
activated through priming (Bargh et al., 2010; Gyurak et al., 2011; Kobylińska & Karwowska, 
2015; Koole & Rothermund, 2011; Sheeran et al., 2013). Importantly, ER goals implicitly 
activated via priming can achieve similar behavioral or physiological responses (e.g., reduced 
emotional reaction) to their explicit counterparts in some negative emotional situations (Mauss, 
Cook, et al., 2007; Williams et al., 2009; Yuan et al., 2015). However, given that available 
evidence identifying the neural mechanisms associated with the immediate (Buhle et al., 2014; 
Kohn et al., 2014) and long-term (Binder et al., 2012; Hayes et al., 2010) impact of ER has 
largely been based on explicit forms, relatively less is known about the neural correlates of 
implicitly activated ER.  
To fill this gap in the literature, we have recently investigated the neural correlates of 
both explicit and implicit forms of emotional suppression in a sample of healthy young adults 
using fMRI (Katsumi & Dolcos, 2018b). Our results showed that, compared to a baseline 
condition not involving ER, only explicit suppression resulted in reduced emotional experience 
associated with the viewing of negative images, but both explicit and implicit suppression led to 
reduced subsequent memory for such stimuli one week later compared to the baseline condition 
with no manipulation of ER. These behavioral effects were associated with modulation of 
activity in the medial temporal lobe (MTL) and PFC. Specifically, the engagement of explicit 
suppression was associated with reduced activity in the AMY (linked to immediate effect) as 
well as reduced memory-related functional connectivity between AMY and HC/lateral PFC 
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(linked to long-term effects). This suggests that emotional suppression inhibits memory encoding 
by modulating the MTL- and PFC-based mechanisms that have been previously linked to 
(emotional) episodic memory (reviewed in Dolcos et al., 2017; see also Binder et al., 2012; 
Hayes et al., 2010). It remains unclear, however, how aging influences such effects of emotional 
suppression. Given that younger and older adults might prefer to employ spontaneously (i.e., in 
the absence of experimental instructions) different ER strategies and for different durations, it is 
possible that they would also respond differentially to the manipulation of explicit and implicit 
ER, and show dissociable neural responses associated with them. Hence, another goal of the 
present investigation was to clarify this issue.  
 
The Present Study 
 The present study used an experimental design assessing both the immediate and long-
term effects of ER (Katsumi & Dolcos, 2018b), focusing on both explicit and implicit forms of 
emotional suppression in healthy younger and older adults. We tested the following hypotheses. 
Regarding the behavioral effects, based on available evidence identifying similar immediate 
effects in younger and older adults (Lohani & Isaacowitz, 2014; Phillips et al., 2008; Shiota & 
Levenson, 2009), we expected that (1a) both groups would be equally successful in inhibiting 
their immediate emotional experience as a result of engaging emotional suppression Although 
evidence is still scarce, we examined the expectation that (1b) younger adults would uniquely 
show a memory-reducing effect of emotional suppression (Emery & Hess, 2011), possibly linked 
to age differences in the mechanisms associated with the impact of suppression on memory 
encoding (see below). 
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At the neural level, we expected that younger and older adults would show both common 
and dissociable engagement of brain regions linked to emotion processing in general and the 
engagement of emotional suppression. Specifically, regarding the immediate effects, we 
expected that (2) younger and older adults would show similar AMY activity, in general, and in 
response to engaging explicit emotional suppression (Katsumi & Dolcos, 2018b). In contrast, we 
hypothesized that (3) younger and older adults would show differential engagement of the PFC 
regions in emotion processing and emotional suppression, possibly linked to a lateral-to-medial 
functional shift in aging (van Reekum et al., 2018). Finally, regarding brain activity linked to the 
long-term impact of suppression, we expected (4) possible differential effects of suppression on 
memory in younger and older adults, which would be associated with age differences in the 
engagement of MTL and PFC regions (Binder et al., 2012; Grady, McIntosh, & Craik, 2003; St 




 Seventy-three individuals participated in this study (see Table 6.1). Data from seven 
participants were excluded from the analyses due to problems with data collection (e.g., ratings 
or memory data not being recorded, other technical issues such as response box problems, and 
participants feeling uncomfortable in the scanner). Of the remaining 66 participants, 33 
completed the study as part of the experimental groups and underwent MRI scanning: 17 
younger adults (10 females, Mage = 23.30, SDage = 4.06) and 16 older adults (11 females, Mage = 
68.56, SDage = 6.98). The other 33 participants completed the study as the control groups, outside 
of the MRI scanner, who were recruited to account for the possible effect of repeated stimulus 
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exposure (habituation; see also below): 17 younger adults (8 females, Mage = 19.18, SDage = 0.88) 
and 16 older adults (13 females, Mage = 71.82, SDage = 6.46). Data obtained from younger 
participants in the experimental and control groups have previously been reported (Katsumi & 
Dolcos, 2018b). All participants reported themselves as healthy, right-handed, native English 
speakers, with no history of psychiatric or neurological disorders, alcohol or drug abuse, or 
uncontrolled hypertension. No participants reported ongoing usage of medications that may 
affect emotion processing (e.g., antidepressants, beta blockers). Younger and older adults in the 
experimental group were matched on the length (years) of education (younger: M = 14.11, SD = 
2.22; older: M = 14.19, SD = 2.97; p = .99). All participants provided written informed consent 
under a protocol approved by the Institutional Review Board, and received financial 
compensation for their participation. 
Assessment of Habitual ER. To assess the extent to which younger and older adults 
differed in the habitual engagement of ER, all participants in the experimental group completed 
the Emotion Regulation Questionnaire (ERQ, Gross & John, 2003), as part of a 
neuropsychological assessment session conducted on a separate day preceding the scanning 
session. This questionnaire assesses the habitual engagement of two emotion regulation 
strategies, cognitive reappraisal and expressive suppression, using a 7-point Likert scale (1 = 
strongly disagree, 7 = strongly agree). Examples of statements from the reappraisal dimension 
include “I control my emotions by changing the way I think about the situation I’m in”, and 







To assess both immediate and long-term effects of ER, participants in the experimental 
groups completed two tasks (see Figure 5.1 for a task diagram): an emotional rating task, 
completed in the MRI scanner, and a recognition memory task, completed outside the MRI 
scanner one week later (Katsumi & Dolcos, 2018b). The emotional rating task involved within-
subject manipulations of explicit and implicit emotional suppression. Because these tasks were 
identical to those used in Chapter 5, they are only briefly described here. The control groups also 
completed two tasks (emotional rating and memory), but both outside the MRI scanner, with 
neither explicit nor implicit manipulations of emotional suppression goals.  
Emotional Rating Task. fMRI data were recorded while participants in the experimental 
group viewed and rated a total of 180 negative and neutral images (90 in each category), selected 
from the International Affective Picture System (IAPS; Lang et al., 2008) and complemented by 
additional neutral images from other sources (Dolcos et al., 2004a; Dolcos & McCarthy, 2006). 
The average IAPS normative valence/arousal ratings (1 = unpleasant/calm, 9 = pleasant/excited; 
as depicted by the Self-Assessment Manikin) for negative and neutral images were 2.47/5.75 (SD 
= 0.57/0.82) and 4.98/3.28 (0.28/0.77), respectively. The pool of 180 images was divided into 
sets of 30 images, which were randomly assigned to six study runs. The average valence and 
arousal ratings were equated across different runs (F < 0.41, p > .840). Each image was 
presented on the screen for 4 s, and participants were asked to view the images and rate their 
subjective emotional experience triggered by the images on an 8-point scale (1 = Neutral, 8 = 
Extremely negative). All responses were made on a response pad attached to the participant's 
right hand. Specifically, ratings ranging from 1 to 4 were made by single clicks, whereas those 
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ranging from 5 to 8 were made by double clicks on the buttons. The image presentation was 
followed by a fixation cross, presented on the screen for 12s.  
During the emotional rating task consisting of six study runs, participants completed the 
first and fourth runs (i.e., baseline runs) with no manipulation of ER. Each baseline run was 
immediately followed by either the explicit (EXP) or implicit (IMP) induction of emotional 
suppression goals, with the order of induction counterbalanced across participants. During the 
EXP induction, participants were instructed to view and rate the next two runs of images (i.e., 
second/third or fifth/sixth runs) while trying to inhibit the experience and expression of 
emotional responses triggered by the images. During the IMP induction, participants performed 
an adaptation of the Scrambled Sentence Task (SST) (Srull & Wyer, 1979) in which they were 
asked to construct 20 four-word grammatically correct sentences from five-word jumbles that 
had embedded words conveying the idea of emotion control (e.g., “restrain”, “stable”, “covered”, 
“withheld”), thus priming participants to suppress their emotional responses ("Emotion Control 
SST”). The target words related to emotion control were taken from previous studies (Mauss, 
Cook, et al., 2007). The two runs of images following the IMP goal induction were defined as 
IMP runs. To keep the task structure consistent between the two emotional suppression 
conditions, a SST was also performed as part of the EXP goal induction, although in this case 
participants were presented with 20 sentences containing only neutral words (“Neutral SST”; 
Figure 5.1). Prior to entering the MRI scanning room, participants completed abbreviated 
practice runs for both the emotional rating task and the SST. 
Recognition Memory Task. About one week (6 – 7 days) later, participants performed an 
incidental memory task that tested recognition memory for the negative and neutral images 
encoded as part of the emotional rating task. The memory task included 360 images (180 in each 
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emotional category) consisting of equal numbers of old and new images, all of which were 
displayed in grayscale for increased task difficulty (Dolcos et al., 2013). The average valence 
and arousal ratings were statistically equated between old and new images (t < 0.73, p > .464). 
Each image was displayed on the screen for 4 s, and participants were asked to indicate whether 
the image had been previously seen during the emotional rating task (Old) or not (New). 
Following the Old/New decision, participants also rated the level of confidence of their 
responses on a 3-point scale (1 = Low, 2 = Medium, 3 = High confidence). The level-of-
confidence rating was followed by a fixation cross, presented on the screen for 2 s (Figure 5.1). 
To ensure that the behavioral effects on emotional ratings and memory were driven by 
the manipulation of emotional suppression and not by the effect of repeated exposure 
(habituation) to emotional stimuli, control groups (Nyounger = 17, Nolder = 16) were recruited and 
asked to complete outside the MRI scanner the emotional rating task, followed by the 
recognition memory task one week later. Importantly, the control groups were presented with the 
identical set of negative and neutral images to those viewed by the experimental group during the 
emotional rating task, but without the induction of emotional suppression goals. 
 
Behavioral Data Analysis 
 The immediate impact of emotional suppression on emotional ratings was measured by 
comparing the average ratings between the three ER conditions of interest: (1) two baseline runs 
with no induction of emotional suppression goal (BASE), (2) two runs immediately following 
the explicit induction of emotional suppression goal (EXP), and (3) two runs immediately 
following the implicit induction of emotional suppression goal (IMP). Responses in the memory 
task were classified into Hits (old images correctly identified as old), Misses (old images 
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incorrectly classified as new), Correct Rejections (new images correctly classified as new), or 
False Alarms (FAs, new images incorrectly classified as old). The long-term impact of emotional 
suppression on episodic memory was measured by comparing raw proportions of Hits as well as 
corrected recognition (i.e., Hits – FAs) (Shafer & Dolcos, 2012). These behavioral data were 
analyzed using a series of mixed ANOVA and t-tests involving the following factors: Emotion 
(Negative, Neutral), ER (BASE, EXP, IMP), and Age group (Younger, Older). The alpha level 
was set to p < .05; one-tailed hypothesis testing was conducted for predicted associations 
regarding the effect of emotional suppression (Katsumi & Dolcos, 2018b).  
Comparisons of the ratings and memory data within the control groups were performed 
similarly to those for the experimental groups, except that in the control groups, the only 
difference across runs was the order of exposure. For instance, a “mock” version of the analysis 
comparing the impact of emotional suppression induction in the control group was conducted by 
calculating the average ratings/memory performance from the second and third (fifth and sixth) 
runs (i.e., “later” runs), and comparing them to those from the averages of the first and fourth 
runs (i.e., “earlier” runs).  
 
MRI Data Acquisition and Preprocessing 
All MRI data were recorded using a 1.5 T Siemens Sonata scanner. Anatomical images 
were 3D MPRAGE anatomical series (repetition time [TR] = 1600 ms; echo time [TE] = 3.82 
ms; field of view [FOV] = 256 × 256 mm2; number of slices = 112; voxel size = 0.5 × 0.5 × 1 
mm3). Functional images consisted of a series of T2*-weighted images acquired axially, using an 
echoplanar sequence (TR = 2000 ms, TE = 40 ms, FOV = 256 × 256 mm2, number of slices = 28, 
voxel size = 4 × 4 × 4 mm3, flip angle = 90°). Preprocessing of fMRI data was performed using 
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SPM12 (Wellcome Department of Cognitive Neurology, London, UK). During preprocessing, 
fMRI data were first corrected for differences in acquisition time between slices for each image. 
Second, each functional image was spatially realigned to the first image of each run to correct for 
head movement. Third, these images were transformed into the standard anatomical space 
defined by the Montreal Neurological Institute (MNI) template implemented in SPM12; no voxel 
resampling was performed at the spatial normalization step. Finally, the normalized functional 
images were spatially smoothed using an 8 mm Gaussian kernel, full-width-at-half-maximum, to 
increase the signal-to-noise ratio. 
 
fMRI Data Analysis 
At the first level, each participant's preprocessed functional data were analyzed using an 
event-related design in the general linear model (GLM) framework in SPM. Evoked 
hemodynamic responses during the image presentation period in each trial were modeled by 
convolution with a canonical hemodynamic response function. The GLM included regressors for 
trials with negative and neutral images as the events of interest, separately for each run. Six 
motion parameters calculated during spatial realignment for each run were also modeled as 
events of no interest. These analyses generated contrast images identifying differential brain 
activity associated with the events of interest relative to the baseline for each run within each 
participant. At the second level, these individual contrast images were analyzed by random-
effects analyses to identify brain regions showing significant activity differences as a function of 
Emotion, ER, and Age group, as well as the interaction between these factors. In addition, 
previous fMRI studies examining the effect of ER and aging have identified significant 
differences by focusing their analyses on emotional stimuli (Allard & Kensinger, 2014a, 2014b; 
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Ford & Kensinger, 2018; Opitz et al., 2012; Urry et al., 2006; Winecoff et al., 2011). Therefore, 
we performed additional analyses to investigate the possibility that the interaction between ER 
and Age Group might uniquely manifest for negative conditions. 
Analyses of the long-term impact of emotional suppression were performed in the GLM 
framework similarly to those of the immediate impact, except that we calculated the difference 
due to memory (Dm) effect for each condition based on each participant's memory performance 
(Dolcos, Denkova, et al., 2012; Dolcos et al., 2004b; Paller & Wagner, 2002; Shafer et al., 2011). 
At the first level, trials with negative and neutral images were divided into subsequently 
remembered (Hits) and forgotten (Misses) trials and were modeled separately for each run. Also 
included for each run in the GLM were regressors for trials with no responses and six motion 
parameters calculated during spatial realignment as events of no interest. These analyses 
generated individual-level contrast images identifying differential brain activity associated with 
the events of interest relative to the baseline for each run. The Dm effect was then calculated for 
each experimental condition (e.g., BASE Dm = BASE Hits – BASE Misses; EXP Dm = EXP 
Hits – EXP Misses) for each participant. At the second level, the contrast images identifying the 
Dm effect for different runs within each participant were submitted to random-effects analyses to 
identify brain regions showing differential activity linked to successful encoding as a function of 
Emotion, ER, and Age group (e.g., BASE Dm vs. EXP Dm). 
Functional Connectivity Analysis. To further investigate modulation of functional 
interaction between brain regions, a beta-series correlation analysis (Rissman et al., 2004) was 
performed using the least-square estimation method (i.e., the “least-squares – separate” model in 
Mumford, Turner, Ashby, & Poldrack, 2012) that better represents true activation magnitudes 
than the traditional approaches. Specifically, at the first level, a GLM was constructed separately 
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for every trial, which included regressors for the current trial, all other remaining trials, six 
motion parameters, and the constant in a given run. The seed region for this connectivity analysis 
was defined as a sphere with a 4-mm radius centering around the peak voxel in the right anterior 
middle frontal gyrus (aMFG; MNI coordinates: x = 36, y = 52, z = 0, BA 10) showing a 
significant interaction effect between ER × Age group for negative trials (see Results). The 
aMFG ROI was used to examine the immediate effect of emotional suppression on functional 
connectivity, along with the role of age group in modulating this effect. In addition, spherical 
ROIs were also created around the peak voxels in the left HC (x = -32, y = -20, z = -12) showing 
a significant main effect of ER on memory-related activity and the right HC/parahippocampus (x 
= 24, y = -28, z = -12) showing a significant effect of ER on memory-related activity uniquely in 
younger adults. These MTL ROIs were used to examine the long-term impact of emotional 
suppression on functional connectivity and the role of age group. Activity in each seed region 
was computed by extracting the mean parameter estimates for every trial and was used to 
calculate correlations with all other voxels in the brain, thus yielding a whole-brain seed 
correlation map for each condition for each participant. These individual correlation maps were 
first standardized by Fisher r-to-z transformation then submitted to group-level random-effects 
analyses.  
All group-level analyses involving ANOVA were conducted in GLMFlex 
(http://mrtools.mgh.harvard.edu/index.php/GLM_Flex), which allows partitioning of error terms 
and corrects for variance-covariance inequality. SPM was also used for additional t-test analyses 
and the extraction of parameter estimates from significant functional clusters. Main effects of 
Age group involving direct comparisons of BOLD signals related to specific conditions between 
younger and older adults were not examined, as these would be highly sensitive to between-
172 
 
group differences in hemodynamics (Gazzaley & D’Esposito, 2005; Samanez-Larkin & 
D'Esposito, 2008). In the present study, fMRI data analyses were conducted at two levels of 
search space: (1) whole brain (using the group-level mask image generated in SPM) and (2) 
regions of interest (ROIs) within the MTL and PFC. Following our previous investigation 
(Katsumi & Dolcos, 2018b), the MTL ROI mask was created based primarily on the structural 
images for bilateral HC and parahippocampal cortex from the Automated Anatomical Labeling 
Atlas (AAL, Tzourio-Mazoyer et al., 2002) in conjunction with an in-house AMY mask (Moore 
et al., 2014). The PFC mask was created based on the AAL structures (lateral/medial superior 
frontal gyrus, middle frontal gyrus, inferior frontal gyrus, orbital medial frontal gyrus, and 
anterior cingulate gyrus; all bilaterally) following a procedure similar to that of previous 
investigations (van Reekum et al., 2018).  
Correction for multiple comparisons was conducted using the updated version (January 
2018) of the 3dFWHMx and 3dClustSim programs available as part of the AFNI software suite 
(Cox, 1996). First, AFNI's 3dFWHMx was executed using the “-acf” option on the residual time 
series resulting from each participant's GLM constructed in SPM (obtained from the model 
estimation step). This procedure yielded a set of estimated smoothness parameters per 
participant, separately for the whole brain, MTL mask, and PFC mask. Second, group-level 
mixed ACF model parameters were calculated by taking the average of these parameters across 
all participants included in the analyses. Finally, we executed 3dClustSim using these group-
level smoothness parameters using the “-acf” option with 10,000 independent iterations (NN = 
2). All random-effects statistical maps were thresholded at pFWE < .05 corrected for multiple 
comparisons within each search space, with an uncorrected cluster-defining threshold of p < .005 




Assessment of Habitual ER 
First, to examine the extent to which the younger and older adult groups differed in their 
habitual usage of ER strategies, ERQ scores were compared using an ANCOVA controlling for 
the effect of sex. This analysis revealed that younger and older adults did not differ in their 
reported usage of habitual expressive suppression (younger: M = 12.61, SD = 5.44; older: M = 
14.38, SD = 4.76; F[1,30] = 1.24, p = .274) or reappraisal (younger: M = 30.06, SD = 5.32; older: 
M = 30.88, SD = 3.74; F[1,30] = 0.10, p = .752). These results suggest that, unlike previous 
reports of age differences in spontaneous/habitual engagement of ER, younger and older adults 
in the present studies did not significantly differ in their tendency to use reappraisal and 
expressive suppression in everyday life. 
 
Behavioral Results (1): Emotional Ratings 
Consistent with our hypothesis regarding emotional ratings (1a), explicit emotional 
suppression significantly reduced immediate emotional experience both in younger and older 
adults. Supporting this, a 2 (Emotion) × 3 (ER) × 2 (Age group) mixed ANOVA revealed a 
significant main effect of ER: F(2, 62) = 11.76, p < .001, η2p = .275. Follow-up comparisons of 
emotional ratings for negative images showed that the engagement of explicit emotional 
suppression significantly reduced emotional ratings compared to those from the baseline runs 
both in younger (t[16] = 2.25, p = .019) and in older adults (t[15] = 1.90, p = .038) (Figure 6.1, 
top left). The implicit induction of emotional suppression, however, did not result in reduced 
emotional ratings for negative images compared to those from the baseline runs either in younger 
(t[16] = 0.49, p = .316) or older (t[16] = -0.79, p = .220) groups. Additionally, emotional ratings 
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for negative images following the explicit induction of emotional suppression were significantly 
lower compared to those following the implicit induction (t[32] = 3.05, p = .005). Overall, 
similar effects were also identified for neutral images (see descriptive statistics summarized in 
Table 2). The ANOVA also yielded a significant main effect of Emotion [F(1, 31) = 347.56, p < 
.001, η2p = .918]; post-hoc analyses revealed that emotional ratings were overall higher for 
negative (M = 5.00, SD = 0.20) than for neutral images (M = 1.59, SD = 0.07). The main effect of 
Age group, Emotion × Age group interaction, ER × Age group interaction, and Emotion × ER × 
Age group interaction were not significant (p ≥ .539). 
To ensure that these effects were indeed due to the experimental manipulations and not 
due to possible habituation, an Emotion × Run (BASE/earlier vs. EXP/later) × Age group × 
Group (Experimental vs. Control) ANOVA was conducted on emotional ratings. This four-way 
ANOVA yielded a significant interaction effect between Run × Group [F(1, 62) = 14.54, p < 
.001, η2p = .185]. Post-hoc analyses revealed that reduced emotional ratings following explicit 
emotional suppression were significant for the experimental group, but were not observed when 
comparing the ratings between the earlier vs. later runs within the control group (negative: t[32] 
= -0.67, p = .505; neutral: t[32] = -1.32, p = .195) (Figure 6.1, top right, and Table 6.2). This 
suggests that the reduced emotional ratings observed in the experimental group were due to the 
explicit suppression of emotional responses, and not due to habituation following repeated 
exposure to emotional stimuli. Overall, these results suggest that younger and older adults are 





Figure 6.1. Emotional ratings and recognition memory for negative images across participant subgroups. Top: 
Within the experimental group, emotional ratings for negative images were significantly reduced following explicit 
instructions to suppress (EXP), compared to the baseline runs (BASE) and to the runs following the implicit induction 
of emotional suppression (IMP). These effects were similar in younger and older adults, but no significant differences 
in emotional ratings were observed between the earlier and later runs within the control group. Bottom: Also within 
the experimental group, recognition memory was reduced for negative images encoded following the explicit and 
implicit induction of emotional suppression, relative to those encoded during the baseline runs, in younger but not in 
older adults. No significant differences in memory were identified between the earlier and later runs in the control 
groups. Error bars indicate the standard error of the mean for each condition. *p ≤ .05.  
 
Behavioral Results (2): Recognition Memory 
Second, providing support to our hypothesis regarding recognition memory (1b), analyses 
of hit rates revealed that younger adults uniquely showed a memory-reducing effect of emotional 
suppression. In support of this, a three-way mixed ANOVA with Emotion, ER, and Age group as 
factors identified an ER × Age group interaction: F(2, 62) = 3.16, p = .050, η2p = .092. Post-hoc 
analyses showed that recognition memory among younger adults was significantly reduced for 
176 
 
negative images encoded following the explicit instructions to suppress, compared to those 
encoded during the baseline runs (t[16] = 2.29, p = .018). Similarly, memory reduction among 
younger adults was also identified for negative images encoded following the implicit induction 
of emotional suppression, compared to those encoded during the baseline runs (t[16] = 2.52, p = 
.011). However, no difference in memory for negative images due to emotional suppression was 
observed among older adults (BASE vs. EXP: t[15] = 0.14, p = .446; BASE vs. IMP: t[15] = -
0.44, p = .335) (Figure 6.1, bottom left). Overall, similar effects were also observed for neutral 
images (Table 6.2). The ANOVA also yielded a significant main effect of Emotion [F(1, 31) = 
27.97, p < .001, η2p = .474]. Post-hoc analyses revealed that recognition memory was 
significantly better for negative (M = .74, SD = 0.22) than for neutral (M = .62, SD = 0.03) 
images, and this effect was observed both in younger (p < .001) and older (p = .007) adults. The 
main effects of Age group, Emotion × Age group interaction, Emotion × ER interaction , and 
Emotion × Age group × ER interaction were not significant (p ≥ .825). Furthermore, analyses of 
corrected recognition (i.e., Hits – FAs) scores yielded overall similar results, identifying a 
significant main effect of Emotion [F(1, 31) = 4.59, p = .040, η2p = .129] and a significant 
interaction between ER × Age group [F(2, 62) = 3.14, p = .050, η2p = .092].  
Analyses of the data obtained from the control groups also confirmed that the observed 
memory-reducing effect was due to the manipulation of emotional suppression. An Emotion × 
Run (BASE/earlier vs. ER/later) × Group (Experimental vs. Control) ANOVA involving 
younger adults identified a marginally significant interaction effect between ER × Group [F(1, 
33) = 3.48, p = .071, η2p = .095]. Post-hoc analyses revealed that differences in memory 
performance between the earlier and later runs among younger adults within the control group 
were not significant (negative: t[16] = 1.07, p = .301; neutral: t[16] = 0.14, p = .887) (Figure 6.1, 
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bottom right, and Table 6.2). This suggests that the reduced memory performance observed 
among younger adults in the experimental group was at least in part due to the engagement of 
emotional suppression goals to, and not merely due to habituation following repeated exposure to 
emotional stimuli. In sum, the current results suggest that the memory-reducing effect of 
emotional suppression (both implicitly and explicitly induced) is unique to younger adults.  
 
fMRI Results (1): The Impact of Emotional Suppression on Brain Activity during Emotional 
Ratings 
 Confirming our hypotheses (2, 3), analyses of fMRI data revealed that younger and older 
adults showed both common (AMY) and dissociable (PFC) brain activity/connectivity linked to 
emotion processing and to the engagement of emotional suppression. Paralleling the behavioral 
data analyses described above, the impact of emotional suppression on brain activity associated 
with emotional ratings was analyzed by an Emotion × ER × Age group ANOVA.  
 Activation Analyses: Common Effects across Age Groups. Consistent with available 
evidence, a host of brain regions showed higher activity for negative than for neutral stimuli, 
including bilateral AMY, striatum, anterior insula, medial and lateral PFC, along with lateral 
temporo-occipital cortices (Table 6.3). To further examine the extent of AMY activation within 
each age group, the parameter estimates were extracted from the peak voxels from the significant 
AMY clusters (L: x = -28, y = 4, z = -24; R: x = 32, y = 0, z = -16) separately for each emotional 
category and for each age group. As expected, bilateral AMY activity was similarly higher for 
negative than for neutral images both in younger (L: t[16] = 3.32, p = .002; R: t[16] = 3.24, p = 




Figure 6.2. Common AMY sensitivity to negative information and explicit emotional suppression in younger 
and older adults. Viewing of negative compared to neutral images was associated with increased activity in bilateral 
amygdala both in younger and older adults. Interestingly, part of these amygdala clusters (white blobs on the center 
panel) also showed decreased activity following the explicit induction of emotional suppression compared to the 
baseline runs. The bar graphs illustrate the parameter estimates extracted from the peak voxels within the right 
amygdala showing significant differences between negative vs. neutral (left panel) conditions as well as baseline vs. 
explicit suppression conditions (right panel); similar results were observed within the left amygdala. Error bars 
indicate the standard error of the mean for each condition. BASENeg = negative image trials during the baseline runs; 
EXPNeg = negative image trials during runs following the explicit induction of emotional suppression. 
 
Moreover, targeted t-tests were performed to compare brain activity associated with the 
viewing/evaluation of negative images across different ER conditions (Katsumi & Dolcos, 
2018b). This analysis revealed that part of bilateral AMY showing increased activity for negative 
relative to neutral images reported above also showed significantly decreased activity following 
the explicit induction of emotional suppression relative to the baseline runs (Figure 6.2, right). 
Analyses of the parameter estimates extracted from the peak voxel within the right AMY (x = 20, 
y = -8, z = -16) showed that similar effects were present both in younger (t[16] = 5.81, p < .001) 
and older (t[15] = 2.02, p = .030) adults. Importantly, no significant differences were identified 
when comparing AMY activity associated with viewing neutral images following the explicit 
emotional suppression vs. the baseline runs in younger (t[16] = 0.76, p = .231) and older (t[15] = 
1.01, p = .163) adults, thus suggesting that this effect is specific to negative conditions. Overall, 
these findings showed that, consistent with our findings on emotional ratings and confirming our 
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second hypothesis, younger and older adults had similar sensitivity in the AMY both to 
emotional information and during explicit emotional suppression. 
Activation Analyses: Effects of ER and Age Groups. The ANOVA also identified a set of 
regions showing significant activation differences as a function of ER conditions. These included 
regions typically considered part of the executive control, salience, and sensorimotor networks 
(Yeo et al., 2011), such as the dlPFC/superior frontal gyrus, anterior cingulate gyrus, postcentral 
gyrus, and supplementary motor area (Table 6.3). Of note, the left dlPFC (BA 10) showed 
increased activity following the explicit induction of emotional suppression compared both to the 
baseline runs and following the implicit induction. Interestingly, although this region was 
identified as showing a main effect of ER, analyses of the parameter estimates extracted from the 
peak voxel revealed that this effect was significant only in younger (t[16] = 3.23, p = .003), but 
not in older adults (t[15] = 1.13, p = .138).  
The three-way ANOVA identified no regions showing significant interaction effects 
between Emotion × ER × Age Group, Emotion × Age Group, or ER × Age Group. However, a 
significant interaction between ER × Age Group for the negative trials was identified in the right 
anterior middle frontal gyrus (aMFG, BA 10/46), which is typically considered part of the 
executive control network (Yeo et al., 2011). Post-hoc analyses of the parameter estimates 
extracted from the peak voxel (x = 36, y = 52, z = 0) revealed that this interaction was driven by 
the opposing pattern of activity as a function of ER in younger and older adults. Specifically, 
younger adults exhibited greater activity in this region following the explicit/implicit induction 
of emotional suppression compared to the baseline runs (t[16] = 2.14, p = .024), whereas older 
adults showed the opposite pattern (t[15] = -2.65, p = .009), with no difference between the 
explicit and implicit emotional suppression conditions (younger: t[16] = -0.07, p = .471; older: 
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t[15] = -0.93, p = .183) (Figure 6.3). The corresponding ANOVA interaction based on neutral 
trials was not significant. These findings provide support to our third hypothesis and show that 
younger and older adults exhibit different engagement of the PFC linked to emotional 
suppression, possibly linked to age-related changes in the lateral PFC recruitment in ER. To 
further help interpret this pattern of results, functional connectivity analyses were performed 
using the aMFG as a seed. 
 
Figure 6.3. Dissociable PFC sensitivity to negative information and emotional suppression in younger and older 
adults. The right anterior middle frontal gyrus (aMFG) showed a significant interaction between ER × Age group 
uniquely for negative trials. This effect was driven by the opposing pattern of response in this region as a function of 
ER conditions in younger vs. older adults. The bar graph illustrates the parameter estimates extracted from the peak 
voxel within the right aMFG (x = 36, y = 52, z = 0). Error bars indicate the standard error of the mean for each 
condition. BASE = baseline runs; EXP = runs following the explicit induction of emotional suppression; IMP = runs 
following the implicit induction of emotional suppression. 
 
Functional Connectivity Analyses. To further examine the role of the aMFG area in 
emotional suppression in younger and older adults, analyses of functional connectivity were 
performed using this region as the seed ROI comparing the two age groups in each ER condition. 
These analyses revealed a dissociable pattern of functional connectivity within the PFC between 
the age groups, which was uniquely observed with respect to explicit emotional suppression. 
Specifically, younger adults exhibited greater functional connectivity between the right aMFG 
seed and right dlPFC (x = 36, y = 20, z = 52, BA 8), another area part of the executive control 
network, compared to older adults during negative trials following the explicit induction of 
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emotional suppression (t[33] = 4.92, p < .001). In contrast, older adults showed greater 
functional connectivity between the right aMFG seed and mPFC/vACC (x = -12, y = 56, z = 4, 
BA 10/32), typically considered part of the default mode network (Andrews-Hanna, Reidler, 
Sepulcre, Poulin, & Buckner, 2010), compared to younger adults in the same condition (t[33] = 
3.70, p < .001) (Figure 6.4A). Moreover, analyses of the parameter estimates extracted from the 
peak voxels revealed that aMFG-mPFC connectivity was negatively correlated with aMFG-
dlPFC connectivity (r = -.544, p < .001), and this correlation was driven uniquely by older (r = -
.782, p < .001) and not younger (r = .193, p = .458) adults (Figure 6.4B). Specifically, those 
older adults showing weaker functional connectivity between the aMFG seed and dlPFC also 
showed stronger functional connectivity between aMFG and mPFC, during explicit suppression. 
In addition, across participants, aMFG-mPFC connectivity was also negatively correlated with 
emotional ratings following the explicit induction of emotional suppression (r = -.476, p = .005); 
this pattern of correlation was observed both in younger (r = -.534, p = .014) and older (r = -
.446, p = .042) adults (Figure 6.4C), suggesting that increased functional connectivity between 




Figure 6.4. Age-related lateral-to-medial shift in prefrontal functional connectivity associated with explicit 
emotional suppression. (A) Younger adults showed greater functional connectivity between the right anterior middle 
frontal gyrus (aMFG) seed region and right dlPFC compared to older adults in all ER conditions, including following 
the explicit induction of emotional suppression (top). In contrast, older adults showed greater functional connectivity 
between the right aMFG and mPFC/vACC (BA 10/32) compared to younger adults uniquely following the explicit 
induction of emotional suppression (bottom). The bar graphs illustrate the parameter estimates extracted from the peak 
voxels within the right dlPFC (x = 36, y = 20, z = 52; top) and mPFC/vACC (x = 0, y = 48, z = 12; bottom) showing 
significantly different functional connectivity with the right aMFG seed between younger and older adults in negative 
trials following the explicit induction of emotional suppression. Error bars indicate the standard error of the mean for 
each condition. (B) aMFG-mPFC connectivity was negatively associated with the aMFG-dlPFC connectivity 
following the explicit induction of emotional suppression; this effect was particularly driven by older adults. (C) 
aMFG-mPFC functional connectivity was also negatively associated with emotional ratings following the explicit 
induction of emotional suppression; this effect was commonly observed across the age groups. *p < .05; ***p < .001. 
 
Analyses of the other ER conditions revealed that younger adults showed similarly 
greater functional connectivity between the right aMFG and dlPFC areas than older adults during 
the baseline runs and following the implicit induction of emotional suppression, whereas older 
adults did not show significantly greater aMFG-mPFC functional connectivity compared to 
younger adults in these conditions (Table 6.4). Taken together, these findings demonstrate that 
both younger and older adults show similar sensitivity to emotional information and the 
engagement of explicit emotional suppression, and these effects are linked to modulation of 
activity in the AMY. In addition, age group is also associated with differential PFC engagement 
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in younger and older adults consistent with an age-related lateral-medial shift in the frontal 
engagement during emotion processing, which appears to be particularly pronounced following 
instructions to explicitly engage emotional suppression. 
 
fMRI Results (2): The Impact of Suppression-Related Brain Activity on Memory 
 Finally, consistent with the behavioral results and with our final hypothesis, analyses of 
brain activity and functional connectivity linked to successful memory encoding (Dm effect) 
revealed that younger adults uniquely showed bilateral modulation of encoding-related activity 
in the HC, along with a left-lateralized decrease of the HC-PFC functional connectivity linked to 
successful memory encoding following explicit emotional suppression.  
Activation Analyses. Several regions showed a significant main effect of ER, including 
the left hippocampus, midbrain, bilateral superior parietal lobule, left fusiform gyrus, and middle 
occipital gyrus, which partially overlap with the dorsal attention network (Yeo et al., 2011) and 
with a network of regions implicated in successful memory encoding (Kim, 2011) (Table 6.5). 
Post-hoc analyses of the parameter estimates revealed that, as expected, these regions showed 
significantly reduced Dm activity for explicit and implicit emotional suppression compared to 
the baseline runs, and that this reduction was similarly observed in younger and older adults 
(Figure 6.5A). No brain regions were identified as showing a significant main effect of Emotion. 
In addition to the regions showing common effects of emotional suppression on brain activity 
linked to successful encoding in younger and older adults, there were also regions showing age 
differences. In particular, an Emotion × ER ANOVA separately conducted for each age group 
identified the right HC/parahippocampus (x = 24, y = -28, z = -12) showing a significant main 
effect of ER in younger but not in older adults. Analyses of the parameter estimates extracted 
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from the peak voxel identified significantly reduced Dm activity by explicit and implicit 
emotional suppression in younger adults (BASE vs. EXP: t[16] = 3.58, p < .001; BASE vs. IMP: 
t[16] = 2.48, p = .01), whereas the corresponding activity differences were not significant in 
older adults (BASE vs. EXP: t[15] = 1.30, p = .10; BASE vs. IMP: t[15] = 0.97, p = .17) (Figure 
6.5B).  
 
Figure 6.5. Modulation of hippocampal Dm activity by ER and age. (A) An Emotion × ER × Age group ANOVA 
identified several regions including the left hippocampus (x = -28, y = -28, z = -12) showing decreased Dm activity 
(i.e., activity difference between subsequently remembered vs. forgotten items) following the explicit and implicit 
induction of emotional suppression goal compared to the baseline runs. These differences were similarly observed in 
younger and older adults. (B) In contrast, an Emotion × ER ANOVA in younger adults identified the right 
hippocampus/parahippocampus (x = 24, y = -28, z = -12) showing uniquely decreased Dm activity by emotional 
suppression in the younger age group only. The bar graphs illustrate the parameter estimates extracted from the 
aforementioned peak voxels within the left and right (para)hippocampus. Error bars indicate the standard error of the 
mean for each condition. 
 
 Functional Connectivity Analyses. To further examine the role of hippocampal areas 
identified in the activation analyses above as showing a significant effect of ER, functional 
connectivity analyses were performed using these regions as seed ROIs comparing the ER 
conditions and age groups. These analyses identified the left vlPFC (x = -44, y = 28, z = -16, BA 
47), which has been variably linked to salience/ventral attention (Yeo et al., 2011) as well as 
memory (e.g., Barredo, Verstynen, & Badre, 2016) networks, showing significantly reduced 
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functional connectivity with the left HC following the explicit induction of emotional 
suppression compared to the baseline runs in younger adults (Figure 6.6A). Analyses of the 
parameter estimates extracted from the peak voxels showed that, across participants, L HC-
vlPFC functional connectivity was positively correlated with hit rate during the baseline runs (r = 
.444, p = .005) and marginally so following the implicit induction of emotional suppression (r = 
.279, p = .058). However, this pattern of correlation was absent following the explicit induction 
of emotional suppression (r = .085, p = .319) (Figure 6.6B). Taken together, these findings 
suggest that the memory-reducing effect of emotional suppression is associated with decreased 
activity in a network of regions typically involved in memory-related processes. Namely, 
stronger modulation of encoding-related activity within the MTL in younger adults, coupled with 
its decreased functional connectivity with the PFC by emotional suppression, may underlie 
uniquely the memory-reducing effect of suppression in this age group and its absence in the 
older group.  
 
Figure 6.6. Decreased encoding-related functional connectivity between HC and vlPFC linked to emotional 
suppression. (A) Explicit emotional suppression was associated with decreased functional connectivity between the 
left hippocampus (HC) and ventrolateral PFC (vlPFC) in younger adults, compared to the baseline runs. (B) The 
scatterplots represent between-subjects covariation of the strength of successful encoding-related (Dm) functional 




 The present study provides evidence regarding adult age differences in the neural 
mechanisms associated with the effects of suppression on emotional experience and episodic 
memory. To our knowledge, this is the first study comparing younger and older adults to 
examine the neural correlates of both immediate and long-term effects of this ER strategy, within 
the same samples. The main findings are discussed in turn below. 
 
Behavioral Results: Effects of Emotional Suppression on Emotional Ratings and Memory 
Emotional Ratings. Our behavioral results showed that explicit emotional suppression 
decreased emotional ratings for negative and neutral images both in younger and older adults. 
This is consistent with prior work demonstrating similar efficacy of emotional suppression in 
inhibiting emotional experience and expression regardless of age (Lohani & Isaacowitz, 2014; 
Phillips et al., 2008; Shiota & Levenson, 2009). However, implicit induction of an emotional 
suppression goal did not significantly influence emotional ratings either in younger or older 
adults. It is possible that, regardless of age, the implicit activation (via priming) of emotional 
suppression is not effective in modulating immediate emotional experience. It has been 
suggested, however, that priming ER via the SST may be most effective for those individuals 
who do not habitually use the targeted ER strategy (Williams et al., 2009). In the present study, 
younger and older participants seemed to be already engaging a moderate degree of suppression 
in daily life, as suggested by their ERQ scores (Myounger =12.61, Molder = 14.38; possible range 4 – 
28). Therefore, future work should examine samples with a broader spectrum of individual 
differences in habitual ER, to see how habitual suppression might modulate the efficacy of the 
implicit induction of the goal to suppress. 
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 Recognition Memory. Turning to the long-term impact, our findings showed that explicit 
and implicit emotional suppression reduce subsequent memory in younger but not in older 
adults. These results are overall consistent with those reported by Emery and Hess (2011), who 
found that, despite the similar immediate impact of expressive suppression (i.e., reduction in 
outward emotional expressions and in self-reported arousal) during negative picture processing 
across age groups, only younger adults showed significant reduction in recall following 
suppression. Our results not only provide support to this evidence, but also extend it by showing 
a memory-reducing effect of suppression when memory is tested with a recognition task. As a 
possible explanation for age differences in the mnemonic consequences of suppression, Emery 
and Hess (2011) postulated that younger and older adults were using different strategies to 
regulate their emotional expressions. Specifically, they argued that younger adults were engaging 
increased muscle control, whereas older adults relied more on indirect strategies like reappraisal 
(Emery & Hess, 2011). 
Our results detected no significant differences in the habitual use of reappraisal and 
suppression between younger and older adults in the present sample. This suggests that the two 
age groups did not differ in terms of their “default” strategy in regulating emotions. However, 
this does not necessarily mean that younger and older adults were engaging the same strategy 
when prompted to use emotional suppression. In fact, there is evidence showing that, even when 
explicitly given instructions to engage expressive suppression, half of the sample reported using 
different ER strategies (Demaree, Robinson, Pu, & Allen, 2006). Therefore, one possibility is 
that greater strategic heterogeneity among older adults while explicitly engaging “emotional 
suppression” might have led to no significant differences in memory performance across 
conditions within this age group. Indeed, our post-experiment debriefing revealed that the older 
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participants tended to use a variety of tactics involving changing how they looked at the images 
(e.g., on the diagonal, corners) or trying to inhibit thinking about the content, whereas the 
younger participants tended to suppress more their emotional expressions. Our instructions for 
explicit emotional suppression were similar to those used by the previous studies (Binder et al., 
2012; Dunn et al., 2009), but future work might benefit from providing more specific 
instructions for exactly how to suppress emotional experience and/or expressions (Murray, 
Anderson, & Kensinger, 2015).  
Interestingly, our results also showed that the memory-reducing effect resulting from the 
implicit induction of emotional suppression goal is unique to younger adults. One possible 
explanation for this finding concerns age differences in the self-relevance of the control-related 
words embedded in the SST. Previous studies using the SST to implicitly activate age-related 
stereotypes showed that performance of memory recall in older adults was significantly better 
following the exposure to positive aging stereotypes than to negative ones, whereas younger 
adults’ memory was not affected by the valence of aging stereotypes (Hess, Hinson, & Statham, 
2004). It has been suggested that the self-relevant nature of aging stereotypes may lead to greater 
salience of the associated words among older adults, possibly resulting in higher probability of 
activation of the related concepts (Hess & Emery, 2012; see also Shih, Ambady, Richeson, & 
Fujita, 2002). Although speculative, it is possible that the ER-related words presented as part of 
the SST in the current study were less salient to older adults, perhaps because older adults tend to 
report more enhanced spontaneous emotion control than younger adults (Gross et al., 1997), and 
therefore older adults might not readily perceive such a concept as self-relevant. Consistent with 
this idea, our behavioral results suggest that older adults’ memory performance was lower by 
default, and younger adults’ performance dropped to a similar level following suppression. 
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Alternatively, given that implicit priming of ER seems to have more pronounced effects among 
those who habitually engage in ER to a lesser extent (Williams et al., 2009), another possibility 
is that chronic activation of ER goals in older adults might have canceled out priming effects. 
More research is needed to further explore these ideas and clarify the effect of aging on implicit 
ER. 
 
fMRI Results: The Immediate and Long-term Impact of Emotional Suppression  
 Emotional Ratings. Consistent with our predictions, the present results identified both 
common and dissociable brain activity in younger and older adults linked to emotion processing 
and emotional suppression. Regarding the general effect of emotion, younger and older adults 
showed similarly increased activity in bilateral AMY for negative as compared with neutral 
stimuli across ER conditions. This finding is consistent with several studies that previously 
reported relative age invariance in AMY responses to negative emotional stimuli (Dolcos et al., 
2014; St Jacques et al., 2010; van Reekum et al., 2018; see also Mather, 2016). Furthermore, 
younger and older adults also showed similarly decreased AMY activity for negative images 
following the explicit induction of emotional suppression compared to the baseline runs. This 
finding is consistent with previous studies reporting similar reduction in AMY responses 
associated with the engagement of emotional suppression (Dorfel et al., 2014; Hayes et al., 2010; 
Ohira et al., 2006) and further demonstrates that the modulation of AMY activity by suppression 
is preserved in healthy aging. 
 Aside from the AMY showing similar effects in younger and older adults, the present 
study also found age-dependent effects in regions typically associated with ER such as the PFC. 
In the cognitive aging literature, it has been consistently demonstrated that older adults show 
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greater and more extensive recruitment of the PFC areas than younger adults performing 
similarly or better on the same task (reviewed in Cabeza, 2002; Dolcos, Rice, & Cabeza, 2002; 
Fabiani, 2012). This effect has been variably linked to age-related compensatory mechanisms 
(e.g., Cabeza, Anderson, Locantore, & McIntosh, 2002; Davis, Dennis, Daselaar, Fleck, & 
Cabeza, 2008; Reuter-Lorenz & Cappell, 2008; Schneider-Garces et al., 2010), deficits in PFC 
recruitment (e.g., Nyberg, Lovden, Riklund, Lindenberger, & Backman, 2012; Park et al., 2004), 
or older adults’ increased efforts to perform the task at hand (Nagahama et al., 1997). In the 
literature on emotional aging, similarly increased activity and connectivity within the PFC in 
older vs. younger adults have been identified linked to processing of emotional stimuli (Dolcos 
et al., 2014; St Jacques et al., 2009, 2010; van Reekum et al., 2018; see also below). 
In the present study, age differences in PFC recruitment were identified with respect to 
the left dlPFC (BA 10), which showed greater activity in the younger group, following the 
explicit induction of the goal to inhibit emotional responses, compared both to the baseline runs 
and following the implicit induction of emotional suppression. Increased dlPFC activity linked to 
the engagement of suppression is consistent with available evidence based on young adults 
(Dorfel et al., 2014; Goldin et al., 2008; Phillips et al., 2008). Furthermore, this finding is also 
consistent with those from previous studies identifying greater ER-related activity within the 
lateral PFC areas in younger than in older adults, associated with other ER strategies (e.g., 
reappraisal) (Opitz et al., 2012; Winecoff et al., 2011; but see Allard & Kensinger, 2014b). The 
dlPFC is typically considered a key region part of the executive control network (Yeo et al., 
2011), whose functional specialization becomes less differentiated from other cortical networks 
with advancing age (Geerligs, Renken, Saliasi, Maurits, & Lorist, 2015). Given also that the 
lateral PFC seems to be disproportionately affected by age-related structural decline (Fjell et al., 
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2009; Raz et al., 2004), one possibility is that older adults rely less on this region when explicitly 
engaging suppression, or more generally, engaging top-down executive control.  
The present analyses also revealed age-related differences in the right aMFG (BA 10), 
which showed an opposing pattern of responses for negative images across ER conditions, in 
younger vs. older adults. Situated most rostrally within the PFC, this region is considered part of 
networks implicated in a variety of complex cognitive functions, including goal maintenance, 
cognitive control, planning, and episodic memory (Badre & Wagner, 2004; Braver & 
Bongiolatti, 2002; Christoff & Gabrieli, 2000). The aMFG is also thought to be involved in ER 
(Anticevic, Repovs, & Barch, 2010; Davidson, Fox, & Kalin, 2007), and similar regions have 
been identified as showing greater activity during the engagement of expressive suppression 
compared to passive viewing of negative emotional stimuli (Goldin et al., 2008). Moreover, 
along with other lateral PFC areas, the aMFG has been shown to be affected by age-related gray 
matter volume loss (Lemaitre et al., 2012). Based on this evidence, one possibility is that age-
related activation differences in the right aMFG identified in the present study may reflect older 
adults’ reduced dependence on this region in emotional suppression. Namely, consistent with the 
putative role of this region in processes related to cognitive control and emotional suppression, 
this region may be recruited during the engagement of emotional suppression in younger adults. 
On the other hand, reduced involvement of this region during emotional suppression in older 
adults may be linked to structural deterioration by advancing age. It is important to note, 
however, that our behavioral results show that both younger and older adults are similarly 
successful in inhibiting their immediate emotional experience and expressions through explicit 
emotional suppression. This suggests that emotional suppression in older adults might be 
subserved by different neural mechanisms from those engaged by younger adults, possibly 
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compensating for reduced functioning of the lateral PFC areas in emotion processing and 
regulation in aging (Mather, 2016; Reuter-Lorenz & Park, 2010; van Reekum et al., 2018).  
 Converging evidence points to the notion that emotion processing in older age is 
associated with increased medial frontal activity in the absence of significant age differences in 
AMY activity, possibly reflecting enhanced spontaneous regulatory mechanisms subserved by 
the medial frontal regions (Dolcos et al., 2014; St Jacques et al., 2010; van Reekum et al., 2018; 
Williams et al., 2006). It has been suggested that older adults’ increased reliance on the medial 
frontal regions in ER could be due to the profound cortical volume loss typically observed in the 
lateral PFC areas with advancing age (Mather, 2016). Specifically, given typical involvement of 
the lateral PFC in executive processes (Niendam et al., 2012), it is possible that the default 
mechanism subserving ER engages relatively more lateral PFC regions compared to their medial 
counterparts. Indeed, recent meta-analytic evidence (e.g., Buhle et al., 2014; Frank et al., 2014; 
Kohn et al., 2014) has consistently identified lateral PFC areas as part of typical ER networks. 
However, due to age-related structural decline typically observed in these regions (e.g., Fjell et 
al., 2009; Raz et al., 2004), ER in older age may become more functionally localized to the 
medial part within the PFC. Consistent with this idea, a recent study has shown that gray matter 
volume in the lateral PFC was negatively associated with activity in the mPFC during negative 
emotion processing, thus suggesting a lateral-to-medial shift in prefrontal recruitment during 
emotion processing (van Reekum et al., 2018). Because the mPFC has a more direct anatomical 
link with emotion processing regions such as the AMY (e.g., Carmichael & Price, 1995; 
Ghashghaei & Barbas, 2002), it is possible that older adults’ ER becomes more habitual, thus 
leading to preserved or enhanced emotional functioning and well-being typically observed in 
aging (Mather, 2016).   
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 The present study provides support to the accumulating evidence regarding the age-
related shift in prefrontal engagement during emotion processing, and further demonstrates that 
this pattern of changes is generalizable to when younger and older adults are explicitly instructed 
to engage specific ER strategies. More specifically, our results revealed significant differences in 
functional connectivity involving the right aMFG between younger and older adults, driven 
particularly by explicit emotional suppression. On the one hand, compared to older adults, 
younger adults exhibited greater functional connectivity between the right aMFG and dlPFC (BA 
8) following the explicit induction of emotional suppression, while also showing similarly 
increased aMFG-dlPFC connectivity following the implicit induction and during the baseline 
runs. Meta-analytic evidence suggests that both of these regions are part of the fronto-parietal 
control network subserving diverse executive functions (Niendam et al., 2012). Therefore, in the 
context of the present task, increased functional connectivity between these regions in younger 
than in older adults might reflect the engagement of spontaneous and voluntary control over 
emotional responses via the lateral PFC areas in the former group.  
On the other hand, compared to younger adults, older adults exhibited greater functional 
connectivity between the right aMFG and mPFC/vACC (BA 10/32) following the explicit 
induction of emotional suppression. Intriguingly, the mPFC/vACC cluster was located 
proximally to those identified by previous studies as showing significantly greater activity 
(Dolcos et al., 2014) and greater functional connectivity with the AMY (St Jacques et al., 2010) 
during processing of negative stimuli in older vs. younger adults. Activity in the mPFC/vACC 
was also negatively correlated with emotional ratings for negative stimuli, thus suggesting the 
role of this region in spontaneous regulation of negative emotional responses (Dolcos et al., 
2014). Based on this evidence, one possibility is that increased aMFG-mPFC/vACC functional 
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connectivity in older than in younger adults reflects greater reliance on medial PFC regions in 
emotional suppression in the former group, thus demonstrating a lateral-to-medial shift in the 
prefrontal recruitment linked to ER in aging.  
It is noteworthy that aMFG-dlPFC connectivity and aMFG-mPFC/vACC connectivity 
following the explicit induction of emotional suppression was negatively correlated with each 
other, driven uniquely by older adults. That is, those older adults showing weaker functional 
connectivity between the aMFG seed and dlPFC also showed stronger functional connectivity 
between aMFG and mPFC/vACC following explicit instructions to suppress. Moreover, aMFG-
mPFC/vACC functional connectivity was negatively associated with emotional ratings following 
explicit emotional suppression, thus suggesting that increased functional interactions between 
these regions are linked to reduced subjective experience of negative emotions. Overall, these 
findings provide further support to the idea that the lateral-to-medial shift in prefrontal 
connectivity might reflect compensatory mechanisms in aging (cf. van Reekum et al., 2018). 
Moreover, greater aMFG-mPFC/vACC functional connectivity is linked to more successful 
engagement of explicit emotional suppression in regulating emotional responses. 
Alternatively, it is also possible that the observed age differences in aMFG-mPFC/vACC 
functional connectivity reflect more general changes in network interactions subserving 
cognitive processes. For instance, there is evidence showing that older adults exhibit increased 
between-network (e.g., executive control – default mode) functional connectivity during tasks 
compared to younger adults (Grady, Sarraf, Saverino, & Campbell, 2016). In the present study, 
age differences in aMFG-mPFC/vACC connectivity were identified uniquely with respect to the 
explicit induction of emotional suppression. This suggests that these age differences are at least 
in part driven by our explicit manipulation of ER. Nevertheless, further research is needed to 
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clarify the specificity of the age-related lateral-to-medial shift in prefrontal engagement, for 
instance, by systematically manipulating task characteristics (e.g., cognitive load, stimulus types) 
or analytical techniques (e.g., more data-driven approaches to probe network interactions) to 
characterize the neural mechanisms associated with ER in aging more comprehensively. 
 Recognition Memory. Regarding the long-term effects, our results identified common 
and dissociable activity in younger and older adults linked to the effect of emotional suppression 
on subsequent memory. At a general level, both younger and older adults showed similarly 
decreased memory-related (Dm) activity in several regions including the left hippocampus, left 
fusiform gyrus, bilateral superior parietal lobule, and midbrain following the explicit and implicit 
induction of emotional suppression relative to the baseline runs. This result is overall consistent 
with the role of these regions in episodic memory encoding (Kim, 2011) and in top-down control 
of attention (Corbetta, Patel, & Shulman, 2008). It is possible that the engagement of emotional 
suppression requires resources to inhibit the external expression and internal experience of 
emotional responses, which might have led to overall decreased availability of resources for 
memory encoding (Dillon et al., 2007). Additional analyses revealed that the right 
HC/parahippocampus uniquely showed decreased memory-related activity in younger but not in 
older adults following the explicit and implicit induction of emotional suppression compared to 
the baseline runs. This is consistent with evidence that activity in the right HC linked to 
successful encoding is sensitive to the manipulation of ER (Binder et al., 2012; Hayes et al., 
2010). In particular, the engagement of emotional suppression is associated with reduced activity 
in this region, as well as with reduced functional connectivity between this region and the dlPFC, 
linked to successful memory encoding (Binder et al., 2012). Hence, one possibility is that 
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bilateral modulation of hippocampal activity underlies the memory-reducing effect of emotional 
suppression uniquely observed among younger adults in the present sample. 
 Finally, our analyses of functional connectivity identified decreased connectivity between 
the left HC and vlPFC (BA 47) following the explicit induction of emotional suppression 
compared to the baseline runs in younger adults. Notably, although functional connectivity 
between these regions was positively associated with memory performance during the baseline 
runs across participants, this relation disappeared following the explicit induction of emotional 
suppression. In general, the left vlPFC/inferior frontal gyrus (IFG) has been consistently 
implicated in episodic memory encoding (Cabeza & Nyberg, 2000; Dolcos et al., 2004a; Paller 
& Wagner, 2002; Wagner et al., 1998). Interestingly, activity in the left vlPFC and HC at similar 
locations to those observed in the present study was identified as showing greater activity for 
deep than for shallow encoding conditions (Fletcher, Stephenson, Carpenter, Donovan, & 
Bullmore, 2003). Furthermore, similar vlPFC areas have also been identified as showing 
increased activity for emotional suppression compared to passive viewing of emotional stimuli 
(Goldin et al., 2008; Hayes et al., 2010). Based on these findings, one possibility is that the 
engagement of explicit emotional suppression and the associated reallocation of available 
resources might inhibit the HC-vlPFC connectivity that would otherwise subserve successful 
encoding of stimuli, thus leading to a “disconnect” between the degree of HC-vlPFC 
connectivity and subsequent memory performance. In addition, available evidence also suggests 
that, compared to older adults, younger adults uniquely rely on the HC-vlPFC pathway in 
episodic memory encoding (Grady et al., 2003). Taken together, the current results suggest that 
the modulation of functional connectivity between the left HC and vlPFC is also a neural 
signature of the memory-reducing effect of explicit emotional suppression in younger adults.  
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Limitations and Future Directions 
The following limitations of the present study should be acknowledged. First, the extent 
to which the sample was representative of a larger population was limited by diversity of 
background, subject availability, and data attrition. However, our sample was comparable in size 
to those of previous fMRI studies using similar recruitment strategies and identifying age-related 
differences in emotion processing and regulation (Opitz et al., 2012; St Jacques et al., 2010). 
Therefore, it is unlikely that our findings are driven by characteristics unique to the present 
sample. It is also true, however, that between-subject variability tends to be greater in older age 
(Fabiani, 2012), and this might have contributed in part to increased strategic heterogeneity in 
older adults’ emotional suppression in the present study. Future investigations would therefore 
benefit from diverse samples recruited through various means, to assess more thoroughly the 
extent to which demographic characteristics, motivational differences, and other ER-related 
individual differences (e.g., habitual ER) might play a role in the effects of interest. 
Second, as revealed by the results of post-experiment debriefing, it is likely that younger 
and older adults in the present sample were engaging different tactics in order to “suppress” their 
emotional expressions and experience when explicitly prompted to engage in such an ER 
strategy. Standardization of specific ER strategies employed by younger and older adults (e.g., 
by increasing strategic homogeneity through detailed instructions) would be essential in future 
studies examining age differences in emotional suppression. Finally, given that our stimuli 
consisted of only negative and neutral images, the role of positive valence remains unclear. The 
exclusion of positive images was justified by the previous brain imaging investigations from our 
group examining age differences in which significant effects were identified only with respect to 
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negative stimuli (St Jacques et al., 2009, 2010). However, examination of the effect of emotional 
suppression on positive stimuli would also be of particular relevance in future research.  
 
Conclusions 
Notwithstanding these limitations, the present study makes important novel contributions 
to the literature on emotional aging and ER. By using an experimental paradigm assessing both 
immediate and long-term effects of emotional suppression in younger and older adults, the 
present study sheds light on how they differ in the effect of emotional suppression on emotional 
ratings and episodic memory, at both behavioral and neural levels. Behavioral results showed 
that, although younger and older adults are similarly successful in using explicit emotional 
suppression to inhibit immediate emotional responses, only younger adults showed a memory-
reducing effect of emotional suppression. fMRI results demonstrated that, in the context of 
similar AMY sensitivity in younger and older adults to basic emotional information and explicit 
emotional suppression, these age groups also showed dissociable lateral PFC response, possibly 
reflecting differential involvement of this region in emotional suppression. Of note, the present 
study also identified a lateral-to-medial shift in prefrontal functional connectivity, which was 
driven particularly by explicit emotional suppression. Finally, analysis of memory-related brain 
activity revealed that younger adults uniquely showed bilateral modulation of encoding-related 
activity in the HC, as well as a left-lateralized decrease of the HC-PFC functional connectivity 
following explicit emotional suppression, consistent with diminished involvement of typical 
memory-related mechanisms linked to successful engagement of suppression. Taken together, 
these findings advance our understanding of the mechanisms associated with age differences in 
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the effect of explicit and implicit emotional suppression, and provide insights into ways in which 
younger and older adults adaptively cope with emotional challenges.  
 
Table 6.1. Summary of demographic characteristics 
 
  Younger Older 
 Experimental Control Experimental Control 
n 17 17 16 16 
Sex (female) 10 8 11 13 
Age range 18-32 18-23 59-84 61-84 
Years of education (SD) 14.38 (2.33) 13.18 (0.78) 14.19 (2.97) 16.38 (2.33) 
     
 
Table 6.2. Descriptive statistics of emotional ratings and recognition memory. 
 
  Experimental Group   Control Group 
    Younger Older     Younger Older 
Emotional Ratings      
Negative       
 Baseline 5.28 (1.16) 5.02 (1.20)  Earlier 5.17 (1.24) 5.08 (0.59) 
 Explicit 4.83 (1.37) 4.49 (1.60)  Later 5.22 (1.41) 5.14 (0.81) 
 Implicit 5.22 (1.21) 5.14 (1.13)     
Neutral       
 Baseline 1.65 (0.43) 1.66 (0.59)  Earlier 1.46 (0.37) 1.51 (0.35) 
 Explicit 1.49 (0.39) 1.40 (0.50)  Later 1.48 (0.41) 1.58 (0.32) 
 Implicit 1.66 (0.38) 1.69 (0.58)             
Recognition Memory 
(hit rate)      
Negative       
 Baseline .78 (0.10) .74 (0.19)  Earlier .79 (0.15) .72 (0.18) 
 Explicit .71 (0.18) .73 (0.16)  Later .76 (0.12) .74 (0.15) 
 Implicit .72 (0.14) .75 (0.17)     
Neutral       
 Baseline .66 (0.10) .61 (0.19)  Earlier .64 (0.21) .62 (0.15) 
 Explicit .58 (0.12) .61 (0.21)  Later .64 (0.17) .62 (0.15) 
 Implicit .62 (0.14) .62 (0.20)     
        
        




Table 6.3. Brain regions showing main effects of emotion and emotion regulation. This table identifies brain 
regions showing differential activity between the experimental conditions during emotional ratings. All clusters 
reported in this table meet the significance threshold determined based on a Monte Carlo simulation, corrected for 
multiple comparisons at p < .05 (see Methods). BA, Brodmann’s area; L, left; R, right. 
                    
Brain Region Side BA 
MNI peak coordinates 
t/F Voxels 
Volume 
(mm3) x y z 
Main effect of Emotion         
Negative > Neutral         
Frontal cortex         
 Inferior frontal gyrus L 44 -44 4 24 8.17 7668 490752 
 Inferior frontal gyrus L 47 -32 28 -12 6.43   
 Middle frontal gyrus L 6 -24 -8 52 6.84   
 Superior frontal gyrus L 6 -4 4 60 8.02 
  
 Medial frontal gyrus L 6 -4 8 48 7.13   
 Medial frontal gyrus L 9 -4 48 24 6.10   
 Insula L 13 -36 12 -12 6.97   
 Anterior cingulate L 24 -4 32 20 6.05   
 Cingulate gyrus L 32 -8 20 32 5.99   




gyrus/Insula R 45/13 40 20 4 6.86   
 Inferior frontal gyrus R 47 32 16 -16 7.67 
  
 Middle frontal gyrus R 9 40 24 20 7.90 
  
 Medial frontal gyrus R 9 4 52 20 6.09   
 Medial frontal gyrus R 32 4 8 52 7.49 
  
 Anterior cingulate R 24 4 12 24 6.60   
 Anterior cingulate R 32 8 28 24 5.92   
 Precentral gyrus L 6 -56 0 32 6.39             
Parietal cortex         
 Postcentral gyrus R 1 48 -32 52 6.35   
 Posterior cingulate L 23 -4 -44 24 6.85   
 Inferior parietal lobule L 40 -44 -36 44 6.83   
 Superior parietal lobule L 7 -32 -48 52 7.82 
  
 Precuneus L 7 -16 -60 48 7.57 
  
 Precuneus L/R 7 0 -60 52 6.50   
 Precuneus R 7 20 -64 52 6.35             
Temporal/occipital cortex 
      
  
 Middle temporal gyrus L 19 -52 -64 0 8.81 
 
 
 Fusiform gyrus L 37 -44 -52 -20 7.54 
 
 
 Middle temporal gyrus R 37 56 -60 4 8.42 
 
 
 Middle occipital gyrus R 37 48 -68 -8 8.28 
 
 
 Fusiform gyrus R 37 44 -48 -20 6.31   
 Superior temporal gyrus R 39 48 -64 16 7.15 
 
           
Medial temporal lobe 
       
 
 Amygdala L  -28 4 -24 6.27   
 Hippocampus L  -28 -20 -12 6.24   
 Parahippocampus L 36 -16 -24 -16 4.86   
 Entorhinal cortex L 34 -32 4 -16 5.38   
 Amygdala R  32 0 -16 5.79   
 Hippocampus R  24 -28 -8 6.04   
 Entorhinal cortex R 34 32 0 -16 5.79             
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Table 6.3. (cont.) 
 
Other subcortical 
        
 Globus pallidus L  -16 -8 -4 6.86   
 Caudate R 
 12 4 8 7.24   
 Putamen R  16 8 0 7.00   
 Brainstem L 
 -8 -20 -16 9.05   
 Brainstem R 
 4 -16 -12 8.26   
          
Neutral > Negative         
Frontal cortex         
 Medial frontal gyrus L 6 -4 -28 64 3.34 81 5184 
 Medial frontal gyrus R 6 8 -24 60 3.84  
 
          
Insular/temporal cortex         
 Insula R 13 40 -20 16 4.86 247 15808 
 Superior temporal gyrus R 22 64 -28 8 4.66  
 
 Middle temporal gyrus R 22 60 -12 -4 3.49  
 
          
Main effect of ER        
 
Frontal cortex        
 
 Superior frontal gyrus L 10 -24 52 20 9.01 23 1472 
 Anterior cingulate L 32 -12 40 16 9.91 20 1280 
 Medial frontal gyrus R 10 4 48 16 6.96  
 
Frontal/parietal cortex        
 
 Medial frontal gyrus R 6 8 -24 64 11.78 146 9344 
 Cingulate gyrus R 24 8 -16 48 8.30  
 
 Precentral gyrus R 6 32 -20 64 7.52  
 
 Precentral gyrus R 4 40 -16 56 7.10  
 
 Postcentral gyrus R 1 44 -28 60 10.64  
 
 Postcentral gyrus R 3 44 -24 44 13.67  
 
 Precentral gyrus L 6 -56 0 32 7.64 50 3200 
Other        
 
 Brainstem L  -8 -28 -24 8.65 36 2304 
 Cerebellum R  16 -36 -24 8.46  
 
    R   4 -44 -20 6.88     





Table 6.4. Brain regions showing age differences in functional connectivity with the anterior middle frontal 
gyrus (aMFG) linked to the immediate impact of emotional suppression. This table identifies brain regions 
showing significant differences between younger and older adults in functional connectivity with the right anterior 
middle frontal gyrus seed (aMFG; x = 36, y = 52, z = 0), which was identified as showing significant differences in 
activity as a function of emotion regulation (ER) conditions between the two groups. All clusters reported in this table 
meet the significance threshold determined based on a Monte Carlo simulation, corrected for multiple comparisons at 
p < .05 (see Methods). BA, Brodmann’s area; L, left; R, right; BASE, baseline runs; EXP, runs following the explicit 
induction of emotional suppression; IMP, runs following the implicit induction of emotional suppression. 
                    
Brain Region Side BA 
Talairach peak coordinates 
t Voxels 
Volume 
(mm3) x y z 
EXP         
Younger > Older         
 Middle frontal gyrus R 8 36 20 52 4.94 38 2432           
Older > Younger         
 Medial frontal gyrus L 10 -16 56 4 4.14 113 7232 
 Anterior cingulate L/R 32 0 48 12 3.71   
 Anterior cingulate L 32 -12 40 16 3.63   
 Medial frontal gyrus R 9 4 48 20 3.48   
 Medial frontal gyrus R 10 12 52 12 3.42   
 Anterior cingulate R 32 4 40 8 3.25   
 Middle temporal gyrus R 39 44 -76 24 5.19 161 10304 
 Superior temporal gyrus R 22 56 -44 12 3.29             
BASE         
Younger > Older         
 Superior frontal gyrus R 8 16 36 48 3.27 52 3328 
 Middle frontal gyrus R 9 32 36 40 4.50   
 Middle frontal gyrus R 8 44 20 44 3.22             
Older > Younger         
 Inferior frontal gyrus L 47 -48 24 -4 3.52 24 1536 
 Inferior frontal gyrus L 45 -36 28 4 3.27   
          
IMP         
Younger > Older         
 Superior frontal gyrus L/R 6 0 4 52 3.62 181 11584 
 Superior frontal gyrus R 6 12 4 60 3.01   
 Superior frontal gyrus R 8 8 28 52 4.76   
 Middle frontal gyrus R 6 36 0 60 2.88   
 Middle frontal gyrus R 8 32 28 48 5.11   
 Medial frontal gyrus R 8 12 36 48 4.55   
 Superior frontal gyrus L 6 -24 12 56 3.19 49 3136 
 Middle frontal gyrus L 6 -28 0 60 3.48   
 Middle frontal gyrus L 8 -28 28 48 4.61             
Older > Younger         
 Inferior frontal gyrus L 47 -40 24 0 4.10 100 6400 
 Caudate L  -8 20 -4 4.27   
 Putamen L  -20 8 4 3.43   





Table 6.5. Brain regions showing the long-term impact of emotional suppression in younger and older adults. 
This table identifies brain regions showing a significant main effect of ER conditions on Dm activity (i.e., differential 
activity for remembered vs. forgotten trials) in younger and older adults. All clusters reported in this table meet the 
significance threshold determined based on a Monte Carlo simulation, corrected for multiple comparisons at p < .05 
(see Methods). BA, Brodmann’s area; L, left; R, right. 
 
                    
Brain Region Side BA 
MNI peak coordinates 
F Voxels 
Volume 
(mm3) x y z 
Main effect of ER       
  
 
 Superior parietal lobule L 7 -20 -60 56 9.08 79 5056 
 Precuneus L 7 -8 -60 52 10.22   
 Angular gyrus L 39 -32 -72 32 7.27   
 Superior parietal lobule R 7 24 -68 48 8.67 42 2688 
 Angular gyrus R 39 32 -64 40 8.10   
 Hippocampus L  -32 -20 -12 8.12 112 7168 
 Parahippocampus L 36 -24 -32 -12 7.37 
 
 
 Midbrain L/R  0 -24 -8 14.73 
 
 
 Cuneus L/R 17 0 -72 12 9.72 80 5120 
 Cuneus L 17 -20 -80 12 8.60 
 
 
 Middle occipital gyrus L 18 -36 -88 8 8.72 
 
 
 Fusiform gyrus L 19 -40 -64 -12 8.98 35 2240 
                    


















CHAPTER 7: CONCLUSIONS AND FUTURE DIRECTIONS 
 
 This work demonstrates a novel multi-method approach for investigating the 
neurobehavioral mechanisms associated with social cognition and emotion regulation in 
individuals with diverse demographic characteristics based on culture/race, gender, and age. 
First, examination of individual differences related to culture and gender has revealed that the 
interaction of these factors plays an important role in modulating the effect of nonverbal cues 
(e.g., handshakes) on social cognition (Chapter 2). Second, results from a study using fMRI to 
examine the spatial dynamics of brain function showed that observing and evaluating nonverbal 
social encounters are associated with the involvement of a neural network implicated in social 
cognition, and that some regions within this network were also sensitive to racial group 
membership (Chapter 3). Third, complementing the evidence identified in the aforementioned 
fMRI study, results from a study using EEG techniques (ERP/ERSP) identified unique temporal 
indices of neural responses associated with nonverbal perception and evaluation, and how they 
are modulated by group bias (Chapter 4). Fourth, turning to the role of ER, emotional 
suppression was shown to be an effective ER strategy in influencing both immediate emotional 
experience and long-term episodic memory in young adults. These effects were linked to 
modulation of activity in the MTL and PFC (Chapter 5). Finally, results from a study examining 
the effect of healthy aging revealed that younger and older adults showed both similar and 
differential effects of emotional suppression, and this was linked to common and dissociable 





Part I. Neurobehavioral Correlates of Emotion-Cognition Interactions in Social Contexts 
 In the first part of this thesis, experimental paradigms involving the observation and 
evaluation of whole-body nonverbal social encounters were used in a series of studies to 
elucidate the neurobehavioral mechanisms of social cognition with increased ecological validity. 
In Chapter 2, a comprehensive experimental design with race and gender examined both at the 
level of the target and perceiver clarified the role of these factors in the effect of nonverbal social 
cues on social appraisals in the context of business interactions. Results showed that the effect of 
handshake on appraisals of social interactions was more positive in Caucasian than in East Asian 
participants, and was more positive for male than for female hosts in Caucasian male 
participants. In addition, appraisals of social interactions involving approach and avoidance 
behaviors were more positive in Caucasian than in East Asian participants, whereas those 
involving approach behavior were also more positive in female than in male participants. These 
findings underscore the importance of considering race and gender at multiple levels in 
investigating the effect of nonverbal behavior on social appraisals, given their influences on how 
subtle nonverbal cues are perceived and evaluated during social interactions. 
 Importantly, the present results identifying the impact of whole-body nonverbal cues on 
the evaluation of social interactions has implications for research in various domains within 
social and cognitive psychology, including person perception, impression formation, and 
intergroup processes, which so far has predominantly focused on using facial stimuli with or 
without contextual information (e.g., affective expression, social context) (Hehman, Stolier, 
Freeman, Flake, & Xie, 2019; Hugenberg & Wilson, 2013; Kubota et al., 2012). Although 
decades of research have established the power of faces in conveying information about mental 
and emotional states (e.g., Todorov, Said, Engell, & Oosterhof, 2008; Todorov, Mende-
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Siedlecki, & Dotsch, 2013), available evidence also highlights the critical role of bodies and 
bodily expressions in providing information about one’s action intentions during social 
interaction (de Gelder et al., 2010). This is particularly important to keep in mind when 
examining intergroup differences in social cognition, given that the extent to which social 
judgments depend on the central vs. peripheral/contextual features of stimuli seems to vary as a 
function of cultures (e.g., Masuda et al., 2008; Masuda et al., 2012). Future investigations of 
social cognition should carefully design their experiments to manipulate and control for various 
contextual characteristics, such as those examined in the present study, that may exert profound 
influences on participants’ behavior.  
In Chapter 3, an adaptation of the experimental paradigm from Chapter 2 in conjunction 
with fMRI allowed identification of novel evidence demonstrating how ingroup bias manifests 
both at the level of behavioral and neural responses. Evidence emerging from behavioral 
assessments identified ingroup bias as reflected in faster RTs for evaluating ingroup control 
behavior as well as slower RTs for evaluating ingroup approach behavior. Consistent with this 
pattern of behavioral results, fMRI results identified ingroup biases linked to the observation of 
different types of social encounters, as indexed by differential responses in brain regions 
including the mPFC, ACC, SFC, and pSTS. Activity in the mPFC and pSTS possibly reflects 
greater engagement of mentalization associated with processing of approach behavior and 
handshakes, respectively, whereas greater functional connectivity between ACC and SFC 
suggests possibly more spontaneous processing of a cardboard display of ingroup members 
during social encounters. In Chapter 4, another adaptation of the experimental paradigms from 
the preceding chapters in conjunction with EEG recording allowed identification of specific ERP 
components as well as EEG frequency ranges that show modulation by observing nonverbal 
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social encounters and the associated ingroup bias. Regarding ERPs, results demonstrated that 
ERP components typically implicated in social cognition (N450 and LP) were sensitive to 
nonverbal behaviors displayed by the host, and to participants’ ingroup bias. Specifically, social 
encounters involving a cardboard host display was associated with larger N450 responses 
compared to those involving the host’s dynamic behaviors, possibly related to participants’ 
unfulfilled expectations about typical social encounters. Observing dynamic nonverbal behaviors 
was associated with greater LP responses and suppression of oscillatory EEG activity within the 
beta range compared to control stimuli, thus suggesting greater engagement of sensorimotor 
activity while viewing social encounters involving dynamic nonverbal displays. Notably, these 
indices of neural responses were also modulated by the degree of racial ingroup bias, thus 
suggesting an important link between behavioral group bias and neural sensitivity to various 
social cues during social encounters. 
The present findings emerging from these two studies significantly advance our 
understanding of the neural mechanisms associated with nonverbal social cognition. The current 
approach involving examination of both spatial (fMRI) and temporal (EEG) aspects of neural 
responses as well as the role of individual differences is a major departure from the status quo, 
which typically involves examination of relevant issues using limited or incomplete 
methodologies. By leveraging brain imaging techniques with complementary strengths, the 
present studies identified unique neural indices, both in spatial and temporal domains, of 
complex social-cognitive processes as they unfold over time during dynamic social encounters. 
These neural correlates of social cognition would likely show modulation as a function of both 
perceiver (participant) and target (stimulus) characteristics, given their interactive effects on the 
evaluation of such encounters as confirmed in Chapter 2. Collectively, evidence identified in 
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these studies has important implications for clarifying the spatial and temporal dynamics of 
information processing in social interactions, particularly in the context of encounters with 
individuals from diverse backgrounds. 
It is important to acknowledge, however, that the fMRI and EEG data featured in the 
present studies were collected neither at the same time nor within the same sample, thus limiting 
our ability to directly link evidence identified across the two studies. To address this important 
issue, future investigations should capitalize on more comprehensive techniques to assess brain 
function related to social cognition, including the simultaneous acquisition of fMRI and EEG 
data in the context of social cognitive tasks, which has been implemented successfully (Bayer, 
Rubens, & Johnstone, 2018; Conty, Dezecache, Hugueville, & Grèzes, 2012). For instance, joint 
analyses of trial-by-trial variability in fMRI and ERP responses revealed distinct time courses 
and locations of brain activity linked to processing and integration of different social signals 
(e.g., facial expressions, eye gaze, and hand gestures) (Conty et al., 2012), thus painting a clearer 
picture of the spatiotemporal dynamics of neural mechanisms associated with social cognition. 
Concurrent multi-modal neuroimaging would likely confer advantages over multiple uni-modal 
experiments in examining nonverbal perception and evaluation, given that these processes tend 
to be influenced by repeated exposure to (hence greater familiarity with) other individuals 
(Moreland & Zajonc, 1982; Zebrowitz, White, & Wieneke, 2008). Therefore, simultaneous 
fMRI-EEG data collection in conjunction with the present experimental paradigm involving the 
observation of social encounters would be a promising avenue for future research aimed at 





Part II. Neurobehavioral Correlates of the Immediate and Long-Term Impact of Emotion 
Regulation 
In the second part of this thesis, the neurobehavioral mechanisms associated with 
emotional suppression were examined both at the level of immediate (emotional 
experience/ratings) and long-term (episodic memory) consequences in healthy individuals. In 
Chapter 5, the focus was on examining explicit and implicit forms of emotional suppression, and 
specifically to clarify how they similarly or differentially modulate emotional ratings and 
episodic memory in a sample of young adults. Evidence emerging from behavioral assessments 
shows that explicit emotional suppression reduced emotional experience associated with the 
viewing of negative images, whereas both forms of emotional suppression reduced subsequent 
recognition memory. Consistent with these findings, fMRI results demonstrated that only explicit 
suppression was linked to decreased AMY activity during the evaluation of negative images, 
whereas both forms of suppression were associated with overall reduced functional connectivity 
involving AMY and IFG, which are typically involved in emotional memory encoding. Explicit 
emotional suppression was also uniquely associated with altered AMY-HC connectivity, such 
that greater AMY-HC interactions during the explicit engagement of emotional suppression did 
not predict better memory. Overall, these findings advance our understanding of the mechanisms 
associated with the effects of explicit vs. implicit emotional suppression, and provide insights 
into possible ways of modulating the immediate and long-term impact of emotional stimuli.    
Finally, in Chapter 6, the role of healthy aging in the immediate and long-term effects of 
emotional suppression was examined by comparing samples of younger and older adults. Results 
from behavioral assessments showed that, although younger and older adults were similarly 
successful in using explicit suppression to reduce emotional ratings, younger adults uniquely 
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showed the memory-reducing effect of suppression. Regarding fMRI results, in the context of 
similar AMY responses in younger and older adults to negative information and explicit 
suppression, they showed dissociable lateral PFC activity, possibly reflecting its differential 
involvement in suppression. Importantly, this study also identified a lateral-to-medial shift in 
prefrontal functional connectivity in aging, which was driven particularly by explicit 
suppression. Finally, younger adults uniquely showed bilateral modulation of encoding-related 
activity in the HC, as well as decreased HC-PFC functional connectivity following explicit 
suppression, which are consistent with reduced involvement of typical memory-related 
mechanisms linked to successful engagement of suppression. Collectively, these findings further 
our understanding of the mechanisms associated with age differences in the effect of emotional 
suppression, and provide insights into ways in which younger and older adults adaptively cope 
with emotional challenges. 
The present results emerging from Chapters 5 and 6 clarify both the immediate and long-
term consequences of emotional suppression and the associated neural correlates. These findings 
are novel because much of the prior work examining the neural correlates of ER has focused 
only on the immediate effects (Buhle et al., 2014; Dorfel et al., 2014; Kohn et al., 2014), thus 
leaving unclear how the engagement of ER strategies influences different stages of memory 
processing and how it modulates the associated memory-related neural activity. Evidence 
identified in the current research extends the current literature on the neural correlates of the 
impact of ER on memory encoding (e.g., Binder et al., 2012; Hayes et al., 2010; Kaneda et al., 
2017; see also Dolcos, Katsumi et al., 2017 for review), by demonstrating how explicit and 
implicit suppression interfere with incidental encoding of novel pictorial material. In particular, 
current evidence showing that explicit and implicit emotional suppression similarly modulate 
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memory encoding is important, given that the ability to efficiently engage explicit ER tends to be 
diminished in a variety of clinical conditions such as depression (Johnstone, van Reekum, Urry, 
Kalin, & Davidson, 2007). Therefore, future studies should examine the immediate and long-
term effects of ER strategies that can be engaged relatively more efficiently and thus have a 
greater potential to be deployed spontaneously (i.e., implicitly). 
For instance, recent evidence suggests the efficacy of attentional deployment strategies, 
which typically involve shifts in attention away from emotional aspects of the stimulus, or away 
from the stimulus altogether, in order to alter emotional responses (Gross, 2008; Sheppes et al., 
2014). Notably, attentional deployment strategies are considered more efficient than other ER 
strategies in controlling emotional responses, as their fast deployment enables intervention in the 
earlier stages of the emotion-generative sequence (Paul et al., 2013; Thiruchselvam, Blechert, 
Sheppes, Rydstrom, & Gross, 2011). In fact, attentional deployment was found to be effective in 
modulating emotional responses even when it was engaged substantially after the onset of 
emotion-eliciting stimuli (Sheppes & Meiran, 2007), which makes this strategy particularly 
useful in real-life situations in which individuals may unexpectedly encounter emotional stimuli. 
Furthermore, available evidence also suggests that older adults generally prefer attentional 
deployment to other strategies (e.g., reappraisal) when given the freedom to choose which 
strategy to use when down-regulating emotional responses to negative stimuli (Scheibe et al., 
2015; Urry & Gross, 2010). Therefore, attentional deployment may be particularly useful for 
older adults in regulating their emotions in a variety of situations “on the fly”. More research is 
necessary to clarify the mechanisms through which attentional deployment strategies influence 
immediate emotional experience and long-term episodic memory, and how their effectiveness 
might similarly or differentially emerge as a function of individual differences such as age. 
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Furthermore, it is also important for researchers examining age differences in the neural 
mechanisms of ER to acknowledge the fact that aging is also associated with cognitive and 
biological changes at the more basic level. Future studies should carefully consider the potential 
impact of such sources of variance and properly account for them as necessary. As we discussed 
in Chapter 6, one of the major issues in previous studies of ER concerns the heterogeneity of 
instructions delivered to participants prior to performing ER tasks (Buhle et al., 2014; Diers, 
Weber, Brocke, Strobel, & Schönfeld, 2014). For instance, some studies of reappraisal instructed 
participants to reinterpret a stimulus (e.g., interpreting a picture of a crying child as a child 
crying tears of joy), whereas others prompted them to change their personal connection to, or 
psychological distance from, the stimulus eliciting emotion (e.g., imagining as though they were 
an anthropologist viewing the scene objectively or an emergency room doctor maintaining a 
detached clinical perspective so that he can remain calm in the situation). Not surprisingly, these 
subtypes of reappraisal are associated with dissociable neural correlates (Ochsner et al., 2012). 
Of note, some studies of ER and aging (e.g., Allard & Kensinger, 2014b) allowed participants to 
choose which reappraisal strategy to deploy for each stimulus, thus leaving unclear exactly how 
they were regulating their emotional responses on a trial-by-trial basis. Such open-ended nature 
of task instructions could be potentially problematic not only because it can introduce between-
subjects variability in strategy selection, but also can bias participants’ information processing, 
particularly in older adults. Converging evidence suggests that the age-related positivity effect in 
emotion processing is more pronounced when experiments do not strictly impose constraints on 
how older adults should process emotional material (Reed & Carstensen, 2012; Reed et al., 
2014). Therefore, it is possible that those studies providing more lenient ER instructions that are 
open to interpretation may fail to accurately capture subtle differences in behavioral and neural 
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responses associated with different strategies across age groups, by obscuring what exactly 
participants are doing to regulate their emotions. Future efforts to standardize the experimental 
instructions across studies would be of great benefit in minimizing the effect of variability across 
participants and increasing the generalizability of the findings.       
In addition, available evidence suggests that various aspects of processing speed 
generally decline with age (Salthouse, 2000), which has obvious implications for experimental 
designs that allow optimal measurement of behavioral and neural responses related to ER across 
age groups. In fact, while early processing of emotional arousal is not affected by age (Langeslag 
& Van Strien, 2010), neural activation associated with the engagement of instructed ER was 
identified earlier vs. later during the viewing of emotional video clips over a protracted time 
course (i.e., 40 s, Allard & Kensinger, 2014b). This suggests that such age-related timing effects 
in ER may not be adequately captured by the experimental designs most commonly used in 
previous studies – i.e., those involving the evaluation of static emotional pictures presented for 
less than 10 s (Buhle et al., 2014). Future research should therefore consider experimental 
designs that allow comparisons of a multitude of measures (e.g., both magnitude and time 
courses of neural activity, as measured by neuronal and hemodynamic responses) to obtain a 
more global view of age-related alterations in brain function associated with ER. Such a 
comprehensive approach would also help clarify the temporal dynamics of engaging different ER 
strategies that remain inconclusive, given a lack of converging evidence across methods (Goldin 
et al., 2008; Paul et al., 2013). 
Age-related alterations in anatomical properties of the brain should also be properly 
accounted for in order to make sure that the observed effects can be attributed to variables of 
primary interest in studies of ER. As mentioned in Chapter 6, healthy aging is typically 
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associated with reduction of gray matter volume, and it is important to acknowledge the potential 
impact of such differences on neural activity measured by BOLD signal. For instance, there is 
evidence showing that age-related under- and over-recruitment of various regions involved in 
episodic memory processes can be accounted for by local atrophy in the corresponding regions 
(Kalpouzos, Persson, & Nyberg, 2012). Such reduction in cortical volume could also lead to a 
reduced spread of (de)activation in a given region (Gordon, Tse, Gratton, & Fabiani, 2014). In 
addition, there is also evidence showing that the peak points of (de)activation for older adults 
were significantly more variable than for younger adults, thus contributing to reduced spatial 
overlap in activation patterns across older adults possibly resulting in systematic biases in 
between-group comparisons (Gordon et al., 2014). These findings suggest that increased 
anatomical variability in older adults should be accounted for (e.g., as covariates in modeling the 
BOLD response), given that studies examining the mechanisms of ER across age groups have 
most consistently observed their effects in the PFC areas where age-related gray matter volume 
loss is particularly pronounced (Raz et al., 2004). In this context, comprehensive analyses of 
neural responses, by examining both amplitude and spread of (de)activations while controlling 
for individual variation in basic anatomical properties, would be essential in future studies of ER 
and aging.    
Finally, although this work has examined issues related to social cognition and ER in 
separate series of studies, these two constructs are largely related to and likely influence each 
other, as briefly discussed in Chapter 1. For instance, a growing body of evidence suggests that 
people oftentimes try to regulate others’ emotions during social interactions (i.e., “social ER”) by 
using strategies similar to self-regulation of emotions (Reeck, Ames, & Ochsner, 2016), and 
effectively doing so seems to help alleviate the negative impact of emotions in some cases. 
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Specifically, merely talking about negative personal memories with interaction partners was 
associated with decreased negative emotional experience, particularly when the partners agreed 
with the participants’ view of what had happened (Pasupathi, 2003). Similarly, holding 
someone’s hand during the viewing of negative images led to decreased subsequent memory for 
the images one week later (Flores & Berenbaum, 2017). Complementing these findings, recent 
neuroimaging evidence suggests that individual vs. social ER may be subserved by both 
overlapping and dissociable neural networks (Grecucci, Theuninck, Frederickson, & Job, 2015). 
Not surprisingly, these regions include the frontal (e.g., medial and lateral PFC, ACC) and 
temporal (e.g., AMY) areas identified as being significantly modulated by the manipulation of 
social information and/or ER in this work. Clarification of the mechanisms involved in the 
regulation of how we experience and interpret our own emotions and those of others may help 
further our understanding of factors related to enhanced social and emotional well-being. 
In conclusion, the evidence identified in Chapters 2 through 4 sheds light on the spatial 
and temporal dynamics of the neural mechanisms associated with nonverbal social cognition 
with increased ecological validity, while pointing to an important role of individual differences 
in culture, gender, and group membership. Chapters 5 and 6 clarify the immediate and long-term 
impact of emotional suppression, by highlighting how it modulates emotion- and memory-related 
mechanisms and how it is affected by age. Altogether, this research demonstrates novel multi-
method approaches that significantly advance our understanding of the neurobehavioral 
mechanisms associated with socioemotional processing linked to social cognition and ER, along 
with their modulation by individual differences. These findings provide key insights that will 
contribute to the generation of comprehensive models of socioemotional functioning that spans 
from the associated neurobehavioral mechanisms to high-level individual differences that might 
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predict susceptibility to or resilience against socioemotional challenges. This will in turn inform 
conceptualization, prevention, and treatment of mental disorders, and will improve current 
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